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The 1987 Chesapeake Bay Agreement committed the

signatories to develop guidelines for the protection

of habitats and water quality conditions necessary to

support the living resources found in the Chesapeake

Bay system and to use these guidelines in theimplementationof water quality and habitat protection

programs This report is a comprehensive revision of

earlier guidelines Habitat Requirements forChesapeakeBay Living Resources adopted by theChesapeakeExecutive Council in 1988

A primary purpose of this revision is to provide a

technical basis for development of habitat and water quality restoration goals Further as a comprehensive
and uptodate summaryof a large amount of scientific and technical literature it will be a valuable reference

for technical environmental staff in public agencies and the private sector for researchers and for students

OVERVIEW

This document was developed under the direction of the

Habitat Objectives Workgroup of the Chesapeake Bay

Programs Living Resources Subcommittee Its completion

was made possible by the generous assistance of

numerous Bayarea scientists the Bay Programs Scientific

and Technical Advisory Committee the ChesapeakeResearch
Consortium Inc and a grant from the National

Oceanic and Atmospheric Administration Office of

Ocean and Coastal Resource Management

Information on the life histories ecological roles habitat

requirements and special concerns for 31 target species

compiled and interpreted from extensive literature by

recognized experts is presented in 20 chapters The target

species selected by the former Living Resources Task

Force as a step in developing the first edition were

chosen for their commercial recreational and ecological

importance The Task Force intended that the target

species both directly and through their ecologicalassociationswould represent all major trophic levels and

aquatic habitat types in Chesapeake Bay Two additional

chapters are syntheses of information on contaminant

effects on the target species The 47 maps in the Appendix

display recent information compiled under thesupervisionof the chapter authors on the distributions of the

target species and their habitats

Each chapter is summarized below with a discussion of

known habitat requirements and ecological roles for each

species The essential needs of each species arehighlightedGraphics have been provided to give a broad

overview of 1 seasonal occurrence of target species in

the Bay by life stage 2 a ranking of identified problems

for target species 3 minimum water qualityrequirementsand 4 toxicity of selected contaminants

Although more than 2000 references are cited in this

volume habitat needs could not be completely defined

for all of the target species The authors have identified

where important information is lacking and have made

appropriate recommendations for research andmonitoringResearch is needed to better define the habitatrequirementsof the Bays living resources and tounderstand
relationships between habitat quality and the

abundance and health of species and communities

The authors and editors of this report have putconsiderable
effort into summarizing information in tables maps

and the species summaries and graphics presented below

However these aids are intended to be illustrative rather

than definitive and readers are cautioned that thesummariesdo not present the complete picture of habitat

requirements for any of the species or habitat variables

The individual chapters and the primary references

should be consulted before attempting to use the habitat

requirements information in any important context

SPECIES SUMMARIES

Submerged aquatic vegetation
Fifteen species of SAV commonly occur in theChesapeakeBay and its tidal tributaries The five species in this

report include widgeon grass eelgrass sago pondweed
wild celery and redhead grass They represent species
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which inhabit the full range of salinity concentrations that

occur in the Bay tidal fresh oligohaline mesohaline and

polyhaline waters These plants play an important

ecological role by providing habitat for small forage fish

shellfish benthic epifaunal and infaunal assemblages

and as food for waterfowl The Baywide decline in SAV

distribution and abundance is considered to be a primary

cause of the decline in waterfowl populations that rely on

aquatic habitats for food

so

Ia

Recommendations for SA V

Increase water clarity

Eastern oyster
The eastern oyster is well adapted to an estuarineenvironment

I
t tolerates wide fluctuations in temperature

salinity suspended sediments and has a tremendous

capacity to reproduce if habitat conditions and brood

stock are adequate Oysters filter water for foodimprovingwater clarity conditions for SAV and other species

Baywide harvests have declined drastically over the past

century Since the 1960s parasitic diseases have had

major impacts on Bay oyster populations

Recommendations for easternoyster
Restore SA V beds

Enhance seed cultch supply

Research

larval biology

feeding and nutrition

disease

pollutant impacts

Soft shell clam
Soft shell clams widely distributed marine and estuarine

bivalves can reproduce rapidly under optimumconditionsThis species is most abundant in mesohaline areas

of the Bay with coarse or sandy substrate Predators

largely limit survival of the species in polyhaline waters

and in mud substrates Principal ecological rolesperformed
by the species are filtering the water column

providing shell substrate for fouling invertebrates and

serving as prey all life stages for a wide assortment of

animals

Recommendations for soft shell clam

Maintain adult reserve areas

Protect oyster beds and SA Vfrom clam

dredging

Contaminants of concern

oil spills

copper

Hard clam
The hard clam distributed in marine and estuarine waters

along the Atlantic and Gulf Coasts is limited to salinities

greater than 12 ppt and is most abundant in salinities

greater than 18 ppt In Chesapeake Bay it is generally

restricted to Pocomoke and Tangier Sounds andsubestuarine
river systems in Virginia greater than 5 m deep

highest densities exist in the lower York and James Rivers

Hard clams are important suspensionfeeders The Bay

supports a modest fishery for hard clams

Recommendations for hard clam

Research

early life history

larval settlement recruitment

toxics

Blue crab
The blue crab population presumably supports the largest

harvests of any fishery species except Atlanticmenhadenin the Bay representing half of the US blue crab

harvest The species is tolerant of fluctuatingenvironmental
conditions and is ubiquitous during its peak summer

abundance period The blue crab is a major predator and

omnivore within the Bay and all life stages serve as an

abundant source of prey to other species The Baypopulation

is controlled by the return of postlarval crabs from

coastal waters Crabs use all habitats in the Bay preferring

near shore and creek waters SAV beds and deeper water

in winter

Blue crabs utafte 40
rebuts in the Bay

from the 404pest to
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Recommendations for the blue crab

Raise DO to 30 mgl
1

Protect shallow water habitats

Preserve SA V

Reduce toxics

Monitorpopulations

Research

seasonal habitat by age

population dynamics

Atlantic menhaden
The Atlantic menhaden one of the most abundant species

in estuarine and coastal Atlantic waters is the second

mostharvested fish in the United States Menhaden are

processed into oil protein meal and solubles and used

extensively as bait for commercial and recreationalfishingThe Atlantic menhaden unlike most shad andherring

is a coastal ocean spawner although minor spawns

occur in the lower Bay Menhaden are major consumers

of plankton and detritus consuming zooplankton as very

young larvae and maturing to filterfeed onphytoplanktonand detritus Menhaden are important prey to

many predatory fish and birds thus forming an important

link in the overall Chesapeake Bay and coastal shelf food

webs

summer in

esa eake

acres oft ees
fah are

tly seen

the wares
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Recommendationsfor Atlantic menhaden

Increase DO in small tributaries

Research

ecological role as filtering and

recycling agents

Bay anchovy
The bay anchovy a small schooling species is the most

abundant and wideranging finfish in the Chesapeake

Bay Occurring throughout the year it is a major consumer

of zooplankton and

is

at all life stages a major food of

predatory fish terns and jellyfish making it a key species

in the Bays food web

Recommendations for the Anchovy
Increase DO

Research

toxics

plankton foods

biomass consumed

population dynamics

American shad and hickory shad
American shad and hickory shad are large anadromous

herring of the eastern seaboard with hickory shad being

more southern in distribution Both spawn in the Bay

during spring generally peaking in April for American

shad and May for hickory shad American shad andhickoryshad are principally zooplankton feeders and in turn

are preyed upon eggs larvae and juvenile stages by
other predatory fish thus serving as a trophic linkbetween

plankton and piscivores in coastal and estuarine

waters In the late 19th century American shad supported

major fisheries along the Atlantic seaboard whereashickoryshad were of minor importance as a food fishSpawningstocks in the Bay for both species are now at very low

levels in all spawning tributaries A moratorium on

fisheries for both species has been in effect in Maryland

for atleast 10 years

Recommendations for shad

Restock and restore populations

Provide passage

Maintain monitoring

Investigate further harvest restrictions

Research

habitat in spawning reaches

acid rain

Alewife and blueback herring
These two species are relatively small anadromousherringoccurring virtually in all of the Bays tributaries

although abundance is very much depressed Both

species feed principally on zooplankton small insects

fish eggs and the like serving as an important trophic link

to estuarine and coastal piscivores and to some mammals

amphibians and aquatic birds Larval forms and
eggs

of

these species also serve as prey for small fish andinvertebratesThese two species often known as river herring

historically supported a fairly significant fishery

Recommendations for herring

Manage stocks

Provide passage

Improve spawning habitat

Reduce exposure to low pH

Spot
Spot is an abundant marine and estuarine bottom foraging

species They occupy all areas of the Bay except in winter

when they migrate to coastal waters or concentrate in

deepwater refuges in the Bay Spot are tolerant of a range

of environmental conditions generally preferring

b
r
a
c
k
v
ii



EXECUTIVE SUMMARY

ish to saline waters above mud substrates in the Bay

although they occur ubiquitously throughout all Bay

depths They are shortlived coastal spawners withexcellent
reproductive capacity major predators of shallow

benthic invertebrate communities in the Bay andimportant
prey to a host of predatory fish The larvae consume

zooplankton Spot support a modest commercial fishery

and are frequently often incidentally taken by sport

fishermen in summer and fall

eSO f
Qf

Intbe
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Recommendations for Spot

Research

population dynamics

stockrecruitment

water quality impact

White perch
The white perch is a semianadromous estuarine fish

occurring in all major tributaries of the Bay with each river

system apparently maintaining its own separatepopulationThe peak spawning period is AprilMay Juvenile

white perch feed largely on zooplankton larvae insects

and amphipods adults are piscivores but also prey on

benthos The species occupies an important trophic link

between small invertebrates and higher predatorsprimarily
piscivorous predators Although commerciallandings

largely bycatch of the striped bass commercial

harvest of white perch have generally declined from

sizeable harvests 12 million pounds in the 1960s and

early 1970s the population does not appear to have

experienced overexploitation It supports an important

sport fishery

and
the

ry nursery
W

Cifl I

Recommendations for white perch

Increase DO
Protect deepwater refugia

from dredge spoil

Research

population dynamics

Striped Bass
The striped bass rockfish is a large anadromous fish

which spawns in Chesapeake Bay tributaries in April and

May in tidal fresh water above the salt wedge The Bay is

the principal spawning and nursery area for the Atlantic

coast striped bass stock Striped bass are voracious

predators and grow rapidly Larvae feed on a variety of

zooplankton and juveniles feed on fish larvae insects

worms mysids and amphipods Adults are piscivorous

consuming bay anchovy spot menhaden herring shad

white perch and yellow perch Striped bass eggs larvae

and juveniles serve as important prey for higher predators

Striped bass previously supported a major fishery

throughout the Atlantic Coast states although declining

populations have forced restrictive harvest regulations in

Chesapeake Bay

Recommendations for striped bass

Increase DO
Reduce turbidity

Continue conservative management

Improve water quality in spawning habitats

Yellow perch
The yellow perch is a freshwater species that has adapted

to a semianadromous existence in the Bay where it

occurs in all major tributaries Yellow perch spawn in

midFebruary and March Adults remain in their natal river

systems Yellow perch link zooplankton and benthiccommunities
to higher predatory fish and birds Larvae feed

on zooplankton juveniles progressively feed on benthic

fauna and even larval yellow perch and adults are largely

piscivorous on anchovies killifish and silversides The

Bay once sustained a vigorous yellow perch fishery with

harvests over one million pounds annually at the turn of

the century The annual catch has declined to about

40000 pounds The Bays yellow perch population has

declined significantly over the past several decades There

has been an absence of spawning in several lower

Western Shore tributaries

Recommendations foryellow perch

Protect stocks

Research

stocks and recruitment

acid rain

Wood duck
The wood duck is generally confined to forested regions

and nests in tree cavities Wood ducks are present in the

viii
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Chesapeake Bay region in all but the coldest winter

months They use a variety of freshwater wetland habitats

for migration breeding brood rearing molting and

roosting Wood ducks are omnivores consuming a variety

of vegetation as well as invertebrates fish amphibians

and crustaceans Wood ducks provide a valuable link in

wooded wetlands between plants and invertebrates and

higher predators particularly great horned owl mink

raccoon and fox

Recommendations for the wood duck

Protect forested riparian
habitat

Maintain natural hydrology

Manage timberharvest

Black duck
The black duck is a dabbling duck which inhabits inland

and emergent wetlands throughout Chesapeake Bay to

migrate breed and winter principally around themidEasternShore and Western Shore of Virginia Black ducks

are omnivores consuming small fish mollusks and a

variety of vegetation including SAV and agricultural

crops SAV is extremely important to black duck nesting

and brood rearing in brackish and salt marshes Black

ducks provide a valuable link between herbaceous plants

and invertebrates and higher predators including bald

eagles foxes and great horned owls During the 1950s

a large portion 20 of the continental population
of

black ducks wintered on Chesapeake Bay Up to 224000

birds used the Bay then whereas now the annualwintering
population averages about 30000

Recommendations for the black duck

Expand refuges

Restore SA V

Research

hybridization

reliance on cereal grain

habitats on regulated shooting areas

Canvasback
Canvasbacks are diving ducks of inland and coastal

habitats They favor shoalwater habitats with plentiful

SAV or small bivalves Canvasbacks use the Bay for winter

refuge from about December through MarchCanvasbacks
are principally herbivores they feed on SAVpreferring

sago pondweed and wild celery They represent a

link between plants and certain higher predators such as

bald eagles The decline of SAV on the Bay has led

canvasbacks to rely heavily on Baltic clams Chesapeake

Bay was historically the single most important wintering

ground for canvasbacks in North America wintering over

250000 birds Before the turn of the century canvasbacks

supported a vigorous commercial market whichdecimated
populations Today about 50000 annually winter

here

Recommendations for the canvasback

Restore SAV

Establish open water sanctuaries

Research

ecology

nutrients

energetic relationships

Redhead
Redheads are diving ducks closely related to thecanvasbackThey are sporadic fall and spring migrants to the

Bay generally wintering farther south in marine water or

hypersaline lagoons The redhead feeds almostexclusivelyon SAV and has nearly abandoned the Bay because of

SAV declines In the mid 1950s about 70000 redheads

wintered in the Bay whereas now about 2000 winter

here

Recommendations for the Redhead

Restore SAV

Research

nutrient cycling

contaminants

energetic relationships

Colonial wading birds

Six species of colonial nesting wading birds the great

blue heron great egret snowy egret little blue heron

greenbacked heron and blackcrowned night heron are

prominent avian residents of the Chesapeake Bay region

Colonial wading birds are extremely predaceous feeding

mostly on small fish amphibians crustaceans andaquaticinsects in a variety of aquatic habitats All six species

breed in the Chesapeake Bay and migrate south in the

winter although small numbers of great blue herons and

blackcrowned night herons are yearround residents

Most birds begin to arrive on the Chesapeake breeding

grounds from midMarch to midJune Nesting habitat

common to all sixspecies includes the presence of woody

vegetation and isolation from human and animalpredators
Great blue herons prefer tall trees 710 m either

live or dead inhabit both hardwoods and evergreens and

avoid areas with human activity The largest colonies are

found in the upper reaches of the Bay in woodland

swamps adjacent to largetributaries Blackcrowned night

herons great and snowy egrets and little blue herons tend

to nest on islandswith shrubby vegetation often inmixedspeciescolonies Greenbacked herons are the most

solitary nesters of the group but at times can be found

with other herons and egrets They use both shrubs and

small trees and can often be found nesting on duck blinds

Populations
of these species appear to be stable with the

exception of the little blue heron which has declined

Numbers of great blue herons may actually be increasing

although higher population counts maybe attributable to

expanded inventory areas The Bay region contains the

five largest Atlantic Coast colonies of great blue herons
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Recommendations for colonial wading birds

Improve water quality forprey
Protect nesting and foraging sites and

islands

Research

foraging and nesting patterns

Osprey
Ospreys feed almost exclusively on live fish and are often

referred to as fishhawks Ospreys are distributed

throughout the tidal Chesapeake Bay from late February

through September spending the winter in South

America Nesting occurs primarily along the Bay
shorelines and the wide shallow portions of its tributaries

on navigation markers utility poles nest platformshummocksduckblinds and dead trees The ospreys position

as a primary consumer at the top of the aquatic food chain

proved hazardous in the 1950s through the early 1970s
when organochlorine pesticides DDT adversely affected

reproductive success and caused a serious population

decline The banning of some persistent pesticides during

the 1970s has enabled Chesapeake osprey populations to

grow during the 1980s to an estimated 2000 pairs

Recommendations for osprey

Improve water quality forprey

Maintain availability of nest sites

Monitor organochiorine contaminants

Bald eagle
Bald eagles are predators known for their fisheating

habits They are also opportunistic scavengersconsuminga variety of species In Chesapeake Bay adult eagles

generally remain in their nesting territories throughout the

year They nest along the undeveloped shorelines of the

Bay usually within 1 km of the water Nesting densities

are greatest along the Potomac and Rappahannock Rivers

and in Dorchester County Maryland The habitat required

by eagles can be described as shoreline with minimal

human disturbance having large oldgrowth forest stands

with large 50 cm diameter trees adjacent to undisturbed

waters that harbor abundant fish and waterfowlChesapeakeBay may once have provided habitat for as many
as 3000 pairs of bald eagles but due to habitatdestructionshooting and DDT the population declined to a low

of 80 to 90 pairs by 1970 Following a ban of DDT the

population has increased to 185 nesting pairs in Maryland
and Virginia during 1989 The greatest threat to theChesapeakeeagle today is the loss of shoreline forests that they

need for nesting roosting and perching These forests are

rapidly being developed for human use

efate the

the Chasm
Bay will miterthe
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Recommendations for the bald eagle

Protect nest sites

Protect shoreline forests

Research

current pesticide risks

Effects of contaminants on fish and
shellfish

This chapter summarizes information on contaminanteffectson the target species of fish and shellfish TheChesapeakeBay Program has identified a list of Toxics of

Concern comprised of toxic substances that by their

toxicity persistence or widespread use present a threat

or potential threat to humans and living resources in the

Bay region The Toxics of Concern list was used to select

toxicants for emphasis in the synthesis chapter

A summary of chemicalspecific toxicity tested in the

laboratory on aquatic target species shows the varying

sensitivities species have to different contaminantsCertain
contaminants clearly could pose serious threats to

exposed target species They include aldrin and dieldrin

oyster and spot cadmium striped bass chlordane

oyster yellow perch lead American shad mercury

oyster hard clam blue crab spot striped bass and white

perch copper oyster soft shell clam and hard clam
PCB oyster spot toxaphene oyster spot striped bass
and yellow perch and tributyltin oyster hard clam

menhaden hickory shad and striped bass

Recommendations

Minimize loads of toxic contaminants

Identify affected areas

Synthesize information

loads fate and effects

x
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Effects of contaminants on birds

Apart from isolated examples of the possible continuing

effects of
past contaminant exposure there is little

evidence that contaminants in Chesapeake Bay currently

pose a serious hazard to birds from direct toxicityOrganochlorine
pollutants such as dieldrin caused deaths of

birds in the Chesapeake Bay in the past Reproduction of

birds was impaired by DDE which is a metabolite of the

pesticide DDT Lead poisoning the result of ingestion of

spent lead shot used by hunters also may have reduced

survival The banning of the most harmful organochlorine

pesticides and the replacement
of lead shot with steel shot

have reduced mortality and reproductive problems

The major classes of contaminants of concern areorganochlorinesheavy metals oil cholinesterase inhibiting

pesticides and herbicides Organochlorines include

polychlorinated biphenyls PCB and pesticides such as

dieldrin kepone and DDT and its metabolite DDE
Organophosphorusand carbamate pesticides such as abate

and carbofuran are cholinesterase inhibitors The direct

effects of these contaminants on birds is probably less

important than the indirect effects on aquatic habitat by

excess nutrients suspended sediments and possiblyherbicidesThe loss of SAV in the Bay is perhaps the best

example of an indirect effect of pollutants on waterfowl

abundance and distribution

Recommendations

Monitorfor contaminant effects

Identify contaminants of concern

Reduce nutrient loads

Restore SA V
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Summary of reported water quality requirements for aquatic target species in Chesapeake Bay Consult

chapters for discussion of values Water quality levels for SAV and prey species will also benefit avian

target species Parameters DO = dissolved oxygen DIN = dissolved inorganic nitrogen DIP =

SpeciesParameter DO

mgL1

DIN

mgL1

DIP

mgL1

Kd

m1
Secchi

m

SAV Tidal Fresh < 002 < 2 > 08

SAV Oligohaline < 002 < 2 > 08

SAV Mesohaline < 015 < 001 < 15 > 10

SAV Polyhaline < 015 < 002 < 15 > 10

Eastern oyster > 10

Soft shell Clam

Hard Clam > 50

Blue Crab > 30

Atlantic Menhaden 11=m

Bay Anchovy > 30

American Shad

Hickory shad req

assumed to be

similar

> 50

Alewife > 50 EL
> 36 JA

Blueback Herring > 50 LA
> 36 J

Spot > 20

White Perch > 50

Striped Bass > 50

Yellow Perch > 50 JA



dissolved inorganic phosphorus Kd light attenuation Secchi = Secchi disc depth TSS = total suspended

solids Life stage E = eggs L = larvae J = juvenile A = adult Blank boxes indicate insufficient dataavailable
or not applicable to the species m = mortality

TSS Chlorophyll a Temperature pH Salinity

mgL1 mgL1 oC ppt

<15 <15

<15 <15

<15 <15

<15 <15

250=m 1932 EL 675875
1227EL 732 A EL

1020 E 234 A > 8

< 750 E 75325 E 70875 E 2035 E
< 250 L 125330 L 75850 L 1735 L
< 44 A 10340 A > 15 A

539 > 7 > 20 L 030 A
510 J 35 A

1330 E 1530 L 420 E 015 L
1030 J 832 A 930 JA

< 1000 E 130260 E > 60 E 015 E
< 100 L 155261 L > 67 L 030 JA

JA 156239 J
1030 A

< 1000 E 1128 E 831 L 5085 E 02 E 03 L
1028 J 5585 L 05 J 030 A

< 1000 E 1426 E 1428 L 5785 E 01 E 02 J
< 500 L 1030 J 6285 L 035 A
830 L=m

88=m 625

< 100 E 1220 EL 6585 EL 02 EL 03 J
< 500 L 1030 JA 79 J 518 A

JA

< 1000 E 1223 EL 795 E 05100 E
< 100 L 1027 J 785 L 10105 L

2022 A 790 J 016 J

< 1000 E 720 E 6085 02 EL
< 500 L 1030 LJ 05 J

630 A 013 A



Toxics of Concern for Target Species in Chesapeake Bay Data are from Chapter 22 this

volume EFFECTS OF CONTAMINANTS ON FISH AND SHELLFISH and represent geometric means of

literature values for acute toxicity and chronic or sublethal toxicity to target species giving a

Acute toxicity µgI Chronic or Sublethal Toxicity µg1

ContaminantsSpecies Eastern

Oyster

Soft Shell

Clam

Hard

Clam

Blue

Crab

Aldrin insecticide 1501 ND2025 23ND

Arsenic metaloid 7500ND

Atrazine herbicide > 30000

> 10000

Cadmium heavy metal 257939 1672ND 127250

Chlordane insecticide 86 ND353

Chromium VI heavy

metal

10300

ND
57000ND 75784

1500

Copper heavy metal 3850 58ND 2225

Dieldrin insecticide 6713 240ND

Dimilin > 130000 > 1 x 106 260

Fenvalerate insecticide > 1000

ND

Lead heavy metal 2450ND 2700ND 780ND

Mercury heavy metal 812 400ND 2014 ND10

PCB

polychlorinatedbiphenyl

10139

Permethrin insecticide > 1000

ND

Toxaphene insecticide 2340 < 250

1120

180ND

Tributyltin antifoulant 1507 005008

Zinc heavy metal 263200 6328ND 190ND

a
Toxicity tests with striped bass and white perch were conducted in fresh water

b
Toxicity tests with striped bass and white perch were conducted in saline water



relative indication of potential effect End points and exposure times varied Life stages were

pooled for calculating means ND = no data available

Based on Geometric Means of Literature Values

Atlantic

Menhaden
Hickory

Shad

American

Shad

Spot Striped

Bass

White

Perch

Yellow

Perch

3214 8bND 102ND

20248a

ND 750aND

8500N D

387316 83a38b

2
1712a

ND

12ND 10ND

2700ND 16370a

58000b

ND

10300a

100
36300

ND

610ND 212ND 54aND 30950

20N D

> 50000

< 10ND 2450ND

36ND 90a5 8510

0516 240ND

1703 5a58b

ND
12ND

45ND ND9 < 2025

< 30ND 3800ND 322a

430

2105ND
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INTRODUCTION

Stephen J Jordan Joseph A Mihursky and Steven L Funderburk

abitats are the places where plants and animalsH live where they feed find shelter andreproduceHabitats may be relatively small
welldefined areas the nesting and feeding area of an

osprey pair for example or may encompass large

regions forsome migratory fish the northwestAtlantic
coastal plain and its estuaries Habitats vary in

time in response to seasonal and long term changes

in temperature salinity and human impacts among
many other variables If the changes are too severe

the habitat may become unsuitable for a species

resulting in a local or regional population decline

Declines in populations of important Chesapeake Bay species have focused attention on human influences

on habitats and on the potential and mechanisms for protecting and restoring their integrity This report
is a compilation and partial synthesis of a large body of information about habitats and species habitat needs

in Chesapeake Bay an accomplishment that will advance general understanding of the relationships

between the Bays living resources and their habitats

Background
The Chesapeake Bay Programs goal for living resources

is to provide for the restoration and protection of the

living resources their habitats and ecologicalrelationshipsThe first commitment toward this goal is to

develop and adopt guidelines for the protection of water

quality and habitat conditions necessary to support the

living resources found in the Chesapeake Bay systemand

to use these guidelines in the implementation of water

quality and habitat protection programs Thiscommitmentwas fulfilled through the adoption by theChesapeakeExecutive Council of the first 1988 edition of

Habitat Requirementsfor Chesapeake Bay LivingResources
Although a useful step toward defining necessary

habitat conditions for target species and calling attention

to needs for habitat restoration the first edition wassomewhatlimited in coverage and literature support It was

recognized that more comprehensive guidelines would

be required to provide the information base
necessary for

effective use in water quality and habitat restoration

programs Therefore the Habitat Objectives Workgroup

of the Chesapeake Bay Programs Living ResourcesSubcommitteeundertook this revision of the first edition

On the advice of the Chesapeake Bay Scientific andTechnical
Advisory Committees Living Resources Workgroup

experts from several research institutions and resource

management agencies were recruited to synthesize the

best available information on selected target species

and to identify the most limiting environmental factors for

each of the species The Chesapeake Research Consor

tium Inc played an important role in coordinating and

promoting this complex project

Purpose
How should this document be used and by whom This

report will be a valuable reference for technicalenvironmental
staff in public agencies and the private sector for

researchers and for students It is a reasonably complete

and uptodate summary of a large amount of literature

and
expert experience on the target species their habitat

needs life histories and ecological relationships as well

as gaps in our knowledge of these matters Following are

some comments about the reports values weaknesses

content and organization along with suggestions and

caveats about its use

This volume is an attempt to bridge physical chemical

and biological elements that are known or believed to be

important for the selected species based upon available

data and information Authors were asked to look beyond

survival thresholds to define habitat conditions needed for

the growth reproduction and natural behaviorrepresentativeof healthy populations Naturally there are

variations in emphasis between chapters reflecting both

11
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the availability of information and the special concerns

unique to species or taxonomic groups

The authors and editors have spent considerable effort on

summarizing information in tables maps and theExecutiveSummary but these aids do not stand alone Users are

cautioned not to apply the summary information without

reference to detailed information in the species chapters

and the primary references cited in them Each chapter

was edited for readability and overall consistency of style

the editors are responsible for any failures on these points

In compiling comprehensive information on the habitat

requirements of 31 target species representing all major

trophic levels and accounting for the most important

interactions among the species their predators prey and

habitats we have begun to assemble a descriptive model

of the Chesapeake Bay ecosystem This model is both too

simplistic for predictive purposes and too detailed for the

regional management planning that it should servehoweverThe model needs to be extended in two directions

First we can achieve greater predictive power byspecifyingand quantifying the processes that couple species to

each other and to their habitats in space and time Second

we can provide managers and planners with tools for

setting goals evaluating options and measuring progress

by synthesizing the habitat requirements across the

spectrum of species and integrating them over regions

depths and seasons Both of these directions have been

recognized by the Chesapeake Bay Program and the next

logical steps are being taken

In the first instance a team of managers scientists and

reviewers has been assembled to advance and coordinate

the development of simulation models of Chesapeake Bay

ecosystem processes These models directed ultimately

towards an integrated ecosystem model eventually will

provide quantitative answers to difficult habitat questions

that could not be answered by the present authors for

example what are the indirect effects of excess nutrients

on animals at the top of the aquatic food chain

In the second instance significant progress has been

made in synthesizing the information compiled in this

volume Two reports have been drafted and are under

review that provide the multispecies synthesis andintegration
necessary for regional planning purposes 1

Chesapeake Bay Dissolved Oxygen Restoration Goals3

and 2 Chesapeake Bay Submerged Aquatic Vegetation

Habitat and Restoration Goals A Technical Synthesis

These documents embody the additional steps beyond

defining individual species habitat needs required to

apply the kinds of information contained in this report in

water quality and habitat restoration programs

The two contaminants synthesis chapters EFFECTS OFCONTAMINANTSON SHELLFISH AND FINFISH and EFFECTS OF C
O

N
T

A
M

IN
A

N
T

S

ON BIRDS Chapters 22 and 23 although they

may seem to offer more questions than answers are

additional steps toward synthesis and understanding of

complex habitat issues A large amount of information on

contaminant effects also is contained in the text and tables

of several individual chapters eg EASTERN OYSTER and

BLUE CRAB Although necessarily uneven because of the

uneven emphasis of available research this material may
help interested readers to form a more complete idea of

the significance of contaminants for the Bays resources

Further synthesis needs can be identified More complete

syntheses of contaminants concerns for living resources

should be developed with reference to the large body of

exposure and effects data that is becoming available for

Chesapeake Bay species and habitats This will be no

small task because of the enormous complexity of the

field and the wide variety of data sources and sometimes

questionable data quality A synthesis of physical habitat

requirements and problems would benefit greatly the

growing efforts to restore and protect physical habitats

wetlands vegetated shorelines migration routes salinity

regimes benthic substrates etc by helping to establish

priorities and to assure that these actions are notundertaken
in isolation from each other

Target Species
The selection of target species was done during the

development of the first edition The target species were

selected to characterize all habitat types and trophic levels

in Chesapeake Bay with a manageable subset ofrepresentative
species Initially an extensive list of species was

identified to represent all aquatic habitats salinity and

depth zones and trophic levels Selection of the target

species from the larger list was based upon commercial

recreational ecological and aesthetic significance The

target species through habitat and food chainassociations
are intended to be surrogates for the largerecosystemwith its manifold valuable species We note that the

blackcrowned night heron one of the colonial wading

birds was not included among the target species in the

first edition

The target species are

Plants

Ruppia maritima widgeon grass

Zostera marina eelgrass

Vallisneria americana wild celery

Potamogeton pectinatus sago pondweed

Potamogetonperfoliatus redhead grass

Invertebrates

Crassostrea virginica eastern oyster

Mya arenaria soft shell clam

Mercenaria mercenaria hard clam

Callinectes sapidus blue crab

12
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Finfish

Brevoortia tyrannus Atlantic menhaden

Anchoa mitchilli bay anchovy

Alosa sapidissima American shad
Alosa mediocris hickory shad

Alosa pseudoharengus alewife

Alosa aestivalis blueback herring

Leiostomus xantburus spot
Morone americana white perch

Morone saxatilis striped bass

Perca flavescens yellow perch

independent eg striped bass and great blue heron

preying on common food sources or indirect eg
waterfowl dispersing SAV seeds via defecationEcological

considerations include the common benefits to be

derived by nontarget species if habitat conditions are

satisfied for target species Each chapter describes the

ecological role of a species within the larger ecosystem

and how changes in the ecosystem influence a species

ability to function

Waterfowl and Colonial Wading Birds

Aix sponsa wood duck

Anas rubripes black duck

Aythya valisineria canvasback

Aythya americana redhead
Ardea herodias great blue heron

Casmerodius albus great egret

Egretta thula snowy egret

Egretta caerulea little blue heron

Butorides striatus greenbacked heron

Nycticorax nycticorax blackcrowned night heron

Raptors

Pandion haliaetus osprey
Haliaeetus leucocephalus bald eagle

Organization
Each chapter summarizes published and unpublished

literature pertinent to each target species or group of

related species organized into the following sections

Abstract Introduction Background Life History

Ecological Role Habitat Requirements Special

Problems Recommendations and Conclusions

Life History
The life history summaries in each chapter describe the

species morphology development growthmetamorphosiseg from larva to juvenile in fish andinvertebratesrecruitment survival to an age of stablemortalityrate sexual maturity mating and mortality In

addition to describing the life stages of the species the life

histories recount their migrations feeding habits andbehavioral
patterns

Life histories habitat requirements and

ecological relationships all are overlapping components

of the description of a species Knowledge of life history

is essential in identifying life stages that may beparticularlyvulnerable to pollution

Ecological Considerations

Ecological considerations include the dynamic interplay

of species with each other whether the relationships are

dependent eg bay anchovy relying upon zooplankton

Habitat Requirements
The habitat requirements of individual species are

numerous and complex they include all abiotic and biotic

environmental conditions necessary for a species tosurviveand reproduce Abiotic conditions include factors

such as water quality substrate circulation patterns

bathymetry and weather two dominant factors are

salinity and depth Biotic conditions are governed by

variables such as vegetative cover quality and quantity of

prey species predation competition parasites anddiseases
population density and primary production

Habitat types in Chesapeake Bay are characteristic of a

coastal plain estuary They range from deepwater
habitats in the mainstem Bay and lower tributaries to

expansive saltwater marshes in the southeastern areas of

the Bay Tidal pools and flats are common as are shallow

waters abutted by cliffs Pine and hardwood forests follow

shorelines and cover vast inland areas of the watershed

Underwater prairies of bay grasses provide hiding places

for myriad life forms Tidal fresh marshes are common in

the upper tributaries Definitive descriptions of estuarine

and wetland habitats are available readers areencouragedto refer to references devoted to habitatclassificationThe first edition of this report briefly described

habitat zonation upland shores intertidal waters shallow

water midwater and deep water and salinity zones

tidal fresh oligohaline mesohaline and polyhaline

Authors were requested to provide existing information

on the following specific habitat requirements

WATER QUALITY

Dissolved Oxygen

Salinity

Turbidity

Temperature

Light

Nitrogen

Phosphorus

pH
Alkalinity and Hardness

STRUCTURAL HABITAT

Substrate

Vegetation

Water Depth

Water Flow

Shoreline Morphology

13
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Information on optimumas well as minimum or tolerable

habitat conditions is presented particularly for water

quality Optimum levels are important in setting habitat

goals that will help restore a species to historic population

levels Defining minimum limits is important in deciding

which species are particularly sensitive and needimmediate
attention

Concluding Remarks
The authors and editors of this

report
have attempted to

achieve a comprehensive and uptodate compilation of

information on the target species and their habitatrequirements
Nevertheless the report represents only a portion

of available information on habitats in Chesapeake Bay
and highlights many unanswered questions about the

status of populations ecological relationships and habitat

requirements

Readers are asked to pay particular attention to the many

gaps in our knowledge of habitat requirements that have

been identified both explicitly and implicitly by thechapterauthors Each chapter contains recommendations for

research and monitoring to improve knowledge of the

species and their habitat needs We hope that theserecommendations
will be used to establish researchprioritiesResearch into such basic matters as life history

trophic function what does a species eat and habitat

needs eg how much light or dissolved oxygen does it

require for growth survival and reproduction should

not be neglected At the same time research shouldaddressthe quantification and prediction of benefits and

risks to the ecosystem that are inherent in managing its

components

Finally each chapter contains managementrecommendationswhich should be viewed as complementary to the

habitat information It is clear that reliable management of

living resources that are harvested requires simultaneous

attention to harvest and habitat attainment of habitat

requirements alone cannot guarantee the establishment

of specific population or harvest levels For species that

are not harvested habitat management is the only tool

available with which to manage the resource We believe

that this report is a significant step towards comprehensive

scientific management of Chesapeake Bay livingresources
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SUBMERGED AQUATIC VEGETATION

Linda M Hurley

US Fish and Wildlife Service

Chesapeake Bay Estuary Program

Annapolis Maryland

ive prominent species of submerged aquatic vegetation

F SAV representing four salinity regimes within Chesapeake

Bay were selected for development of habitat requirements

wild celery sago pondweed redhead grass widgeon grass and

eelgrass Submerged aquatic vegetation provides habitat for fish

and wildlife food for waterfowl absorbs nutrients reduces

suspended sediments stabilizes substrates and produces dissolved

oxygen

The Baywide decline of SAV has been attributed to reduced light

availability from excessive water turbidity and biofouling of the

plants caused by excessive loadings of nutrients and sediments

from the surrounding Chesapeake watershed The habitatrequirementsmost important for SAV are those water quality parameters

related to light attenuation dissolved inorganic nitrogen DIN
dissolved inorganic phosphorus DIP total suspended solids

TSS chlorophyll a Secchi depth and light attenuation Ki The threshold levels of these parameters

necessary to maintain current SAV populations are presented To return SAV to former historic levels of

distribution and abundance protection must be provided to remaining SAV populations and excessive

nutrient and sediment loadings must be reduced

INTRODUCTION

Submerged aquatic vegetation SAV refers to underwater

vascular plants There are 15 species of SAV commonly

found in Chesapeake Bay and its tidal tributaries Species

distributions are mainly determined by their salinitytoleranceThe five species in this report are species that

represent the range
of salinity regimes that occur within

the Bay Wild celery and sago pondweed occur in tidal

fresh 005 ppt oligohaline 055 ppt and mesohaline

waters 518 ppt Redhead grass inhabits oligohaline and

mesohaline salinities Widgeon grass and eelgrass are

found in both the mesohaline and polyhaline zones1830ppt

Submerged aquatic vegetation performs a number of

valuable ecological roles within the Bay The plants are a

major food source for Bay waterfowl4953 The bedsprovide
a habitat and shelter for a variety of fish shellfish

and many small invertebrates 47575866 SAV contributes

to chemical processes such as nutrient absorption and

oxygenation of the water column l1
Dense SAV beds also

aid in baffling wave energy and slowing water currents

thus reducing resuspension of bottom sediments and

shoreline erosion as well as promoting settlement ofsuspendedsediments8

Submerged aquatic vegetation has been a vitalcomponentof the Bay ecosystem since precolonial times

Records of SAV seeds collected from sediment cores taken

around the Bay show that SAV was present prior to

European settlement2 Historically SAV has generally

been abundant throughout the Chesapeake Bay59 Today

only about 24000 hectares remain60 The drastic decline

of SAV first noted in the 1970s sparked the interest of

Bay scientists and managers to determine the cause for

this significant loss and seek methods to restore this

dwindling 4344°8489

Early observations suggested that the SAV decline may be

attributed to natural population cycles or weather events

such as droughts and hurricanes Excessive grazing and
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SUBMERGED AQUATIC VEGETATION

foraging by various animals industrial pollutants and

agricultural herbicides were also explored as possible

explanations for the decline However after many years

of research it is now a consensus of Bay scientists that the

recent loss of SAV in Chesapeake Bay is due to decreased

light penetration throughout the water column andbiofoulingof the plant surfaces caused by excessive loadings

of nutrients and sediments from the surroundingChesapeakeBay watershed43447678s4

Nutrients are supplied to the Bays waters predominantly

by fertilizers associated with agricultural runoff and by

municipal wastewater treatment discharges Sedimentinputsto the Bay are attributed to agricultural and urban

runoff and by shoreline erosion The excessive nutrient

and sediment loadings cause increases in turbiditytherefore
limiting light necessary for the plants to grow and

reproduce Nutrient enriched waters stimulate dense

algae blooms in the water column and epiphytic growth

on the plants which reduce light transmittance to SAV
This results in a reduction of photosynthesis with asubsequentloss of carbohydrate reserves necessary for plant

production Reduced light penetration is exacerbated by

sediments suspended both in the water column and

covering the plant stem and leaf surfaces 43767884

Habitat requirements most applicable to SAV are those

water quality parameters that directly measure orcontribute
to light attenuation The key parameters identified

are dissolved inorganic nitrogen DIN dissolvedinorganicphosphorus DIP total suspended solids TSS
chlorophyll a Secchi depth and light attenuation Kd

BACKGROUND

The five species covered in this
report are commonly

found in the Chesapeake Bay wild celery Vallisneria

americana sago pondweed Potamogeton pectinatus

redhead grass P perfoliatus widgeon grass Ruppia
maritima and eelgrass Zostera marina A briefdescriptionof each species along with a discussion of their range

and distribution in Chesapeake Bay and their individual

population status and trends follows

Wild Celery

Also called tapegrass or freshwater eelgrass wild celery

gets its common name because of its resemblance to a

stalk of celery with whitened lower leaf ends rising from

the plant base The leaves are long flat and ribbonlike

with rounded tips Individual plants grow from nodes

along an underground rhizome Wild celery is primarily a

freshwater species capable of tolerating oligohaline and

mesohaline water It is generally found growing in coarse

silt to slightly sandy soil Wild celery can tolerate wave

action and currents fairly well compared to moredelicatelyleaved and rooted SAV337678

Wild celery occurs along the Atlantic Coastal Plain west

through Minnesota In the Chesapeake Bay seed records

show wild celery was abundant from precolonial times

to the 1930s in the upper Bay and tributaries such as

Furnace Bay Back Middle Severn Patuxent and Chester

Rivers Since the 1970s a dramatic decline in wild celery

in these areas has occurred Today wild celery is most

abundant in the Susquehanna River and Flats region and

in the tidal fresh oligohaline and mesohaline zones of the

Potomac River It is also reported although lessfrequentlyfrom the Elk Sassafras Middle and Gunpowder rivers

Map Appendix812136o7678

Sago pondweed
Sago pondweed has long narrow threadlike leaves that

taper to a point The abundantly branched and slender

stems create bushy clusters of leaves that fan out at the

waters surface Sago pondweed has slender rhizomes

which are long and straight that provide strong anchorage

to the substrate making it able to withstand water currents

and wave action fairly well In the Chesapeake Bay region

sago pondweed is found growing in tidal fresh tomesohaline
waters up to 9 ppt and in sediments that are

generally of a siltmud composition337678

Sago pondweed is widely distributed throughout the

United States and Canada In the United States it is most

abundant in the northwestern states and the Chesapeake

Bay An SAV survey begun in 1971 in the Maryland portion

of the Bay showed sago pondweed distributed from the

Chester River south into Tangier Sound on the Eastern

Shore and in the Severn and
Patapsco Rivers on the

Western Shore By 1976 only Eastern Bay and Chester

River reported any sago pondweed Today it is reported

in the tidal Potomac River as far down as the Port Tobacco

River It is also reported in the Middle Chester and

Choptank Rivers and the Susquehanna Flats areaAlthough
reports of sago pondweed have increased in

recent years population densities are far below earlier

levels Map Appendix81213607678

Redhead grass
This species is easily distinguished from other SAV by its

flat ovalshaped leaves the base of which clasps the

plant stems The leaves are usually arranged alternately or

slightly opposite and the leaf margins are slightly crisp

The stems of redhead grass are straight and slender

becoming more branched toward the upper portion of the

plant Due to the extensive root and rhizomes system

redhead grass is securely anchored in the substrate Like

sago pondweed redhead grass is typically found in tidal

fresh to mesohaline waters Firm muddy soils and quiet

waters with slowmoving currents seem to bepreferred337678
Seed records show redhead grass to be common inprecolonialtimes and sporadic during the 1700s to 1930
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Redhead grass was extremely prevalent from the 1930s to

1970 From 1971 to 1976 redhead
grass

was reported in

Eastern Bay the Choptank Severn and Chester Rivers

The Patapsco and Magothy Rivers reported redhead grass

up to 1974 Today redhead grass occurs predominately

in Susquehanna Flats Chester River and the midsection

of the Potomac River near Mathias Point Port Tobacco

River and Nanjemoy Creek Map Appendix 81213607678

Widgeon grass

Widgeon grass has linear threadlike leaves arranged

alternately along the slender branching stems There is an

extensive root system made up of many branchedcreepingrhizomes This species tolerates a wide range of

salinities and occurs in a wide variety of habitats Although

it occasionally is

found growing on soft muddysediments

it is more common on sandy substrates Thisspecies

is also known as ditchgrass because it is commonly

found growing in shallow tidal marsh ditches The slender

stems of widgeon grass are easily damaged by high wave

action
337678

Widgeon grass is reported from the Atlantic Pacific and

Gulf Coasts as well as the Great Salt Lake region Seed

records show widgeon grass was present in theChesapeake
Bay during precolonial times and distributed in

much the same patterns as today Widgeon grass started

to decline in the 1960s and 1970s A slight downward

trend from 1971 to 1980 was followed by sharp reductions

in the early 1980s Surveys in 1985 and 1986 showed an

increase in midBay waters especially the Chester and

Choptank Rivers By 1989 widgeon grass had increased

significantly in the lower Rappahannock and Piankatank

Rivers on the Eastern Shore and in Eastern Bay the

Choptank and the Barren IslandHonga Rivers of the

midBay Map Appendix Today widgeon grass is the

most abundant and widely distributed SAV species in

Chesapeake Bay8iz607678

Eelgrass is found on both the Atlantic and Pacific coasts

of North America and along northern EuropeancoastlinesIn Chesapeake Bay it is found in the mesohaline

and polyhaline areas of the lower Bay Through seed

records it has been shown that eelgrass has been present

in the Bay since precolonial times and retained a fairly

stable abundance from 1720 to 1880 Historic distributions

were located in the lower sections of the major tributaries

of the lower Bay including the Potomac PatuxentRappahannockJames Piankatank and York Rivers of the

western shore and from Eastern Bay south on the Eastern

Shore During the 1930s eelgrass underwent a severe

decline on both sides of the north Atlantic probably due

to disease Although eelgrass recovered to some extent

during the 1950s and 1960s a significant declineoccurred
during the 1970s throughout Chesapeake Bay

Today eelgrass is located mainlyalong the Eastern Shore

from Smith Island south to Cape Charles The largest

concentrations in this area are between Smith Tangier

and Great Fox Islands and at the mouths of the major

creeks from Chessconessex south The largestdistributionsof eelgrass along the western shore include the Back

Poquoson and York Rivers and Mobjack and Fleets Bays

Map Appendix8126o7678

The potential habitat distribution for all species of SAV in

Chesapeake Bay has been developed8 Map Appendix
The distribution is based upon the composite mapping of

all available SAV distribution data both historic and

present and the 2 m depth contour of the Chesapeake

Bay The 2 m depth contour was included because it is

the predicted SAV distribution for most species when their

habitat requirements are achieved Baywide

LIFE HISTORY

All five species of SAV in this report are capable of sexual

and asexual reproduction the modes of which vary
from

species to species

Eelgrass

Eelgrass has linear ribbonlike leaves with rounded tips

deriving its Latin name from the Greek wordzostermeaningbelt or strap The leaves occur singularly andalternately
along the joints of the stem The length and width of

eelgrass leaves can
vary depending on the type of habitat

A short narrowleaf form generally occurs in areas of

shallow highenergy waters while a long wideleaf form

is more common in deeper less exposed waters Eelgrass

has thick creeping rhizomes with numerous roots337678

Eelgrass unlike other Chesapeake Bay SAV is a true

seagrass and is found in salinities of 10 to 35 ppt Both

eelgrass and widgeon grass can occur in many of the same

areas of the lower Bay but eelgrass does not appear to

grow as well as widgeon grass in shallow water Eelgrass

grows primarily on sandy substrates

in

the Chesapeake

Bay337678

Wild celery

Asexual reproduction is by elongation of the underground

rhizomes from which new plants emerge at the ends

Vegetative tuber production commonly takes place The

thick overwintering tubers grow on the ends ofundergroundrunners that branch off the rhizomes337678

Sexual reproduction regularly occurs in wild celeryusuallyin late July through September Wild celery is dioecious

The numerous staminate flowers are crowded together

and enclosed in an ovoid spathe borne on a shortpeduncle
at the base of the plants The pistillate flowers

occur singularly in a tubular spathe on the end of an

exceedingly long peduncle that grows to the water surface

from the plant base The pistillate flowers have three

sepals and three white petals The spathe containing the

staminate flowers eventually breaks free and floats to the
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water surface where the flowers are released and float into

contact with the female flowers Once fertilization iscompletethe peduncle of the pistillate flower coils up and

draws the developing fruit underwater A long cylindrical

pod is produced that contains many small dark

seeds337678

Sago pondweed
Sexual reproduction occurs during early summer byformation

of a spike of perfect flowers that appear like beads

on the slender stalk Pollen is released from the flowers

and floats on the water surface resulting in fertilization

The developing seeds remain on the rachis of the spike

until autumn when they are dispersed in the waterGermination
rates are generally reported as low making

vegetative reproduction more significant337678

Asexual reproduction is by production of starchy tubers

at the ends of the underground rhizomes and runners and

by smaller tubers that develop in the leaf axils at the end

of the leaf shoots These latter structures occur singularly

or in pairs and are later released and sink to the substrate

After overwintering both kinds of tubers form new plants

in the spring33768

Redhead grass
Sexual reproduction regularly occurs in redhead grass

during early to midsummer Spikes of tiny flowers

emerge from leaf axils on the ends of the plant stems and

extend above the water surface Pollen is released into the

air and carried by the wind for fertilization As the fruits

mature they sink back below the surface and the seeds

are later released to the sediments Asexual reproduction

occurs by formation of resting buds at the end of the many
rhizomes These overwinter and become new plants in

spring337678

Widgeon grass
Asexual reproduction is through extension of therootrhizome

system from which new stems emerge Sexual

reproduction commonly occurs with flowering usually

taking place in late summer There are two tiny perfect

flowers enclosed together in the sheathing base of the

leaves As the flowers mature they are extended upward

towards the water surface by elongation of a peduncle or

flower stalk The pollen grains are later released from the

stamens and float on the surface until making contact with

one of the extended pistils Each fertilized flowerproducesfour ovalshaped fruits that are black with pointed

tips The individual fruits are extended on separate

slender stalks with up to eight in a cluster 337678

Eelgrass

Asexual reproduction is by growth of the creepinggrasslikerhizomes from which new stems are produced

Flower and seed production take place during spring in

Chesapeake Bay Eelgrass is monoecious The male and

female flowers are arranged alternately in two rows

along a spadix or spike which is enclosed in a long spathe

or the sheathlike base of the leaf Fertilization occurs

when threadlike pollen grains drift into contact with the

female flowers The staminate flowers produce pollen

before the pistillate flowers on the same plant are fully

developed This prevents selffertilization from taking

place The plant shoots containing the seeds eventually

break off and float to the surface where the seeds are

dispersed as the shoots are carried along by the water

currents Seeds can also be dispersed in the surrounding

sediments before the shoots are detached Seedgermination
takes place during autumn when water temperatures

start to decline The changing photoperiod or daylength

may also induce germination
337678

In Chesapeake Bay the highest productivity for eelgrass

occurs during the spring and fall In the cold winter

months eelgrass continues to grow although much more

slowly But during the summer when water temperatures

are high researchers have suggested that eelgrassbecomes
heat stressed and its growth markedly declines

This makes eelgrass unique among other Bay grasses

which have their highest growth periods during thesummer337678

ECOLOGICAL ROLE

The ecological role of SAV in the Chesapeake Bayecosystem

is complex The plants serve as both a food source

and a habitat and nursery area for many invertebrates and

vertebrates SAV also contributes to primary production

nutrient absorption and dissolved oxygenproduction117678

The value of SAV as food to waterfowl cannot beoverstated
Several different species of duck geese and swans

depend on SAV as a major portion of their diet Most parts

of the plants are palatable Besides the nutritious seeds

and tubers the root stalks are often consumed by these

birds The names of three SAV species indicate their

importance to waterfowl For example one of the major

foods of the redhead

is

redhead grass Widgeon grass gets

its common name from the wigeon The scientific name

of the canvasback Aythya valisineria demonstrates its

connection to wild celery of a similarLatin nameVallisneriaamericana Sago pondweed and eelgrass are also

highly nutritious for waterfowl Population declines of

Chesapeake Bay waterfowl have been attributed to the

loss of SAV Canvasbacks and redheads are a
t

record low

numbers while many other species show similardownwards
trends Brant geese underwent a precipitousdecline

as its principal food source eelgrass disappeared in

the 1930s Turning to less nutritious food such as algae

enabled this species to survive
11495376
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SAVs role as a habitat and nursery area for many species

of fish and invertebrates is well documented Vegetated

areas generally yield significantly greater fish density

biomass and species richness than nonvegetated areas

Beds of aquatic plants with their numerous leaves and

stems provide cover for many small prey species such as

minnows killifish and juvenile spot Hard crabs and the

vulnerable molting softshells find cover from predators

among the plant beds Eelgrass beds in the lower Bay are

important habitat for juvenile blue crabs while the leaves

of eelgrass serve as asetting substrate for the Bay scallop

11575866

There is a diverse assemblage of food sources within plant

beds for many Bay species For example algae eggs

barnacles and bryozoans can be found attached to the

surface of plant leaves and stems Other organisms live

among the plant roots in the sediment These are grazed

upon by such animals as snails worms and otherinvertebrateswhich in turn provide food for larger fish and

invertebrates such as crabs47

SAV also helps to stabilize sediments and slow water

currents This allows suspended sediments to settle out

and reduces resuspension of bottom sediments thus

lowering turbidity Reduced turbidity is beneficial to an

assortment of benthic filter feeders including oysters and

clams187

WATER QUALITY
HABITAT REQUIREMENTS

The major habitat parameter that controls SAV distribution

is light attenuation
82343

Light attenuation reduction in

light intensity in the water column is due to lightabsorption
by water molecules and suspended particles Light

attenuation can be measured in two ways 1 with a light

meter to calculate light attenuation coefficients Kd based

on an exponential decay function and 2 by Secchi depth

measurements Chlorophyll a and other suspended solids

are responsible for the majority of the total lightattenuationin the water column Chlorophylla is a pigment found

in all photosynthetic phytoplankton Measurements of

chlorophyll a concentrations are used as indicators of

phytoplankton biomass and therefore indirectly provide

a measure of nutrient loading Total suspended solids

TSS is a measure of suspended inorganic solids plus

microorganisms and organic detritus

Nutrients such as nitrogen and phosphorus are also

important habitat parameters because they indirectlycontribute
to light attenuation by stimulating growth ofphytoplanktonwithin the water column and algal epiphytes on

SAV leaves and stems These parameters are measured as

DIN and DIP Additional habitat parameters such as

temperature and pH generally do not limit SAV whereas

salinity requirements are species specific

Habitat requirements for SAV in Chesapeake Bay are

largely drawn from Chesapeake Bay Submerged Aquatic

Vegetation Habitat and Restoration Goals A Technical

Synthesis8 That document was in the final stages of

preparation at the writing of this chapter For further detail

on the data presented therein the reader is urged to obtain

the document after its publication Data on Ka Secchi

depth TSS chlorophyll a DIN and DIP were compiled

from numerous laboratory field and mesocosm studies

from four study regions of Chesapeake Bay as well as from

reviews from historic and recent literature The four areas

of study include all salinity regimes of the Bay upper

Chesapeake Bay and the upper tidal Potomac River

which include both tidal fresh and oligohaline regions the

Choptank River for mesohaline SAV species and the York

River for polyhaline SAV species Habitat requirements for

these key parameters as established through analysis and

interpretation of data from the four case study areas are

discussed below and summarized in Table 1

Dissolved Inorganic Nitrogen
Tidal Fresh Oligohaline wild celery sago

pondweed
In tidal fresh and oligohaline habitats no DIN habitat

requirement has been established as a threshold level

because DIN was not conclusively associated with SAV

distribution and abundance in the upper Chesapeake Bay

and Potomac River study regions In these low salinity

habitats DIP is believed to be the limiting nutrient for

phytoplankton and epiphytic growth

Upper Chesapeake Bay no clear relationships between

SAV growth and DIN concentrations were found for the

upper Chesapeake Bay region The presence or absence

of naturally occurring SAV populations and success of

transplanted SAV plots could not be correlated with DIN

concentrations

Potomac River dissolved inorganic nitrogen was not

measured directly in the Potomac River but wascalculatedfrom data for ammonia NH4 and nitrate NO3 plus

nitrite N02 available from several data sets collected by

a number of state and Federal agencies spanning the

10year period 19801989 Concentrations ranged from

about 2 mgL1 in the upper tidal river near Washington

DC to about 05 mgL1 in the oligohaline zone near

Maryland Point in 1980 Concentrations at Maryland Point

were > 15 mgL1 by 1989

Ammonia may influence SAV survival more than DIN

because of its influence on algal growth69 Whenammonia
concentrations were > 06 mgL1 in 1980 SAV was

not present in the upper tidal river Revegetationoccurredhowever in the upper tidal river when median

ammonia concentrations decreased to < 04 mgL1
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Established beds of SAV in the oligohaline region were

able to survive under median ammonia concentrations of

0407 mgL1 For both the fresh and oligohaline portions

of the river median nitrate plus nitrite concentrations of

< 172 mgL1 were compatible with SAV propagation and

survival from 1983 to 1989

Mesohaline sago pondweed redhead grass
widgeon grass
For mesohaline waters the habitat requirement for DIN is

< 015 mgL1 as determined through analysis of data from

the Choptank River study region Table 1 Seasonalconcentrationsabove this level were associated with the

absence of SAV This threshold value was based upon

comparisons between seasonal median DINconcentrationsand the distribution and abundance of SAV in the

Choptank River During 19861989 monthly DINconcentrationswere determined over the SAV growingseasonof April through September in areas of the river

containing dense SAV populations and areas where SAV

growth was sparse or absent In the upper reaches of the

Choptank River where no SAV occurred DINconcentrations
ranged from 015026 mgL1 during 19861988 a

period of low summer rainfall In 1989 a wet year median

DIN concentrations rose to 112 mgLI In the lowerportionsof the river where SAV occurred median DIN for

19861988 ranged from 006007 mgL1 and were 023

mgL1 in 1989 The DIN threshold concentration of 015

mgL1 was selected based upon the general absence of

SAV populations in the Choptank River where seasonal

median DIN concentrations exceeded 015 mgL1

Polyhaline widgeon grass eelgrass
The DIN habitat requirement for SAV in polyhaline waters

is < 015 mgL1 Table 1 This value was determined from

biweekly water quality samples taken during 19841989

from several sites in the York River Sample sites were

located along a gradient from the river mouth where

healthy SAV beds existed to the upriver limits of SAV

growth The DIN threshold value of 015 mgLU1 is the

combined springfall growing season median at vegetated

sites over the 6year sampling period Median DINconcentrations
increased with distance upriver whereas SAV

abundance decreased Higher DIN levels 035 mgL1
were observed during winter at some vegetated sites

However little difference in SAV growth occurred most

likely due to lower water temperatures and light levels

during this period Phytoplankton and epiphytic algae

biomass also were lower during the winter monthsaccountingfor the higher DIN levels ie algal demand for

nutrients was reduced

Dissolved Inorganic Phosphorus
TidalFresh Oligohaline wild celery sago

pondweed
The habitat requirement for DIP of < 002 mgL1 for tidal

fresh and oligohaline habitats is based on the findings

from analysis of data from the upper Chesapeake Bay

study region In the Potomac River study region DIP

concentrations associated with SAV revegetation andexpansionwere higher S 004 mgL1 in the tidal fresh and

< 004007 mgL1 in the oligohaline habitats

Upper Chesapeake Bay concentrations above 002 mgLU1

of DIP are associated with reduced SAV abundance in the

upper Chesapeake Bay Table 1 This value of DIP is the

seasonal median of monthly samples taken from April

through October during 1989 from 32 sites stationed

throughout the upper Bay During 1989 a decline in SAV
occurred in this region compared to 19871988distributions

Sampling sites with median DIP concentrations

> 002 mgL1 were associated with marginal SAV growth

while sites with median DIP < 002 mgL1 still supported

abundant SAV

Similar trends in phosphorus loadings occurred in19871988however orthophosphate unfiltered rather than

DIP was measured Seasonal medians of orthophosphate
< 002 mgL1 were associated with sites supportingabundantSAV compared to unvegetated sites

Potomac River present median concentrations of DIP in

the Potomac River
< 004 mgL1 in the tidal fresh and <

004007 mgL1 in the oligohaline habitat support SAV

revegetation and expansion These levels are much
reduced from historic levels of the 1960s For example in

1969 DIP concentrations as high as 015036 mgL1 were

recorded However DIP concentrations generally have

remained < 004 mgL1 in the tidal fresh and between

004007 mgL1 in the oligohaline areas since about 1980

SAV returned to the Potomac River in 1983 after being

reported absent from the river during a 1978 survey29

Because DIP concentrations have remained relatively

constant when SAV was absent from the river and since

SAV had returned no strong conclusions can be made

regarding the threshold concentrations of DIP for SAV in

the Potomac River

Mesohaline sago pondweed redhead grass
widgeon grass
The seasonal median concentration of DIP associated

with SAV growth and survival in mesohaline habitats is

< 001 mgL1 Table 1 During 19861988 years ofsuccessfulSAV recolonization in the Choptank River

seasonal median DIP ranged from 0005 to 0009 mgL1 in

the lower Choptank suggesting 001 mgL1 as the

threshold concentration for SAV growth In contrast at

historic
upriver SAV locations where SAV was absent

during 19861988 seasonal median DIP concentrations

ranged from 003 to 004 mgL1

Polyhaline widgeon grass eelgrass
The threshold level of DIP associated with SAV growth in

polyhaline habitats is < 002 mgLU1 Table 1 Based on
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19841989 biweekly sampling increasing levels of DIP

occurred with distance upriver during most seasonscorrespondingwith a decreasing SAV distribution andabundance
gradient in the York River The highest seasonal

medians of DIP during this period at vegetated sites were

< 002 mgL1 Dissolved inorganic phosphorus levelsexceededthis level at upriver nonvegetated sites

Light Attenuation and Secchi Depth
The threshold levels of light attenuation Kd reported

from the four salinity regions of the Chesapeake Bay

ranged from < 15 to < 27 m1 Secchi depths for the four

regions ranged from 05 to > 08 m Table 1

Tidal Fresh Oligohaline wild celery sago

pondweed
Upper Chesapeake Bay in the upper Bay abundant SAV
beds existed during 1989 at sampling stations where Kd

< 20 m1 whereas vegetated stations with Kd > 20 m1 had

lost over onehalf of their 1988 coverage Secchi depth

measurements taken during 19871988 showed that a

seasonal median Secchi depth > 10 m was associated

with the presence of SAV at most sites SAV beds at

protected sites ie areas of reduced current and wave

energy were able to tolerate slightly reduced light

penetration with seasonal median Secchi depth > 08 m
These values 10 m and 08 m correspond to the Kd values

of 145 m1 and 18 m1 respectively The conversion factor

Kd = 145Secchi depth was developed for theChesapeakeBay by simultaneous measurements of both Secchi

depth and Kd

Potomac River in the Potomac River an analysis of data

collected over the period 19801989 showed that SAV

survival in the tidal fresh zone was unlikely at a seasonal

median Secchi depth < 05 m and seasonal median Secchi

depths > 07 m were necessary for revegetation andexpansionBetween these limits survival may depend on

amount of available sunshine epiphyte loading etc In

the oligohaline portion of the river some survival ofestablishedSAV populations occurred at Secchi depth as low

as 05 m Results of 19851986 light attenuation studies

showed that seasonal median Kd levels were significantly

greater in the lower tidal fresh river than in the upper tidal

fresh portion These high levels were associated with

significantly less SAV in the lower freshwater portion than

in the upper tidal reaches Revegetation and increasing

abundance of SAV was found when seasonal median Kd

was < 22 m1 Table 1 When seasonal median Kd was
> 24 m1 revegetation did not occur PreviouslyestablishedSAV beds in the oligohaline portion of the river

survived when seasonal median Kd values were as high

as 27 m1

Mesohaline sagopondweed redhead grass
widgeon grass
In mesohaline habitats Kd < 15 m1 is associated with SAV

growth and survival based on findings from analysis of

data from the Choptank River study region Table 1 In

the uppermost sections of the Choptank River 40 km
above the mouth where SAV is absent Kd of 20 m1 and

above is common During the dry years 19861988 the

midriver section 20 km to 40 km had marginal SAV

growth while in the lowest portion of the river below 20

km SAV revegetation was extensive Seasonal median Kd

values during this period were < 20 m1 and < 15 m1

respectively Furthermore in the wet year of 1989 when

SAV growth declined throughout the river Kd values

exceeded 15 m1 up to 18 km above the river mouth

which included areas that had previously supported

abundant SAV Therefore Kd values < 15 m correlated

with abundant SAV growth and Kd < 20 m1 correlated

with marginal SAV growth Table 1

Polyhaline widgeon grass eelgrass
In polyhaline habitats the SAV habitat requirement for Kd

is < 15 m Results reported for the polyhaline lower

Chesapeake Bay are similarto the midBay region During

19841989 Kd levels in the York River increased with

distance upriver along with a concomitant decrease in

SAV The seasonal median Kd at vegetated sites was < 15m Table 1

Chlorophyll a
The habitat requirement for chlorophyll a associated with

SAV growth and survival for most areas of the Chesapeake

Bay is < 15 µgL1 Table 1

Tidal Fresh Oligohaline wild celery sago
pondweed
Upper Chesapeake Bay in the upper Chesapeake Bay

during 19871989 SAV beds did not survive at sites in the

Sassafras River when chlorophyll a exceeded 15 ltgL1

except in shallow protected areas At other sites in the Elk

River and the Susquehanna Flats chlorophyll a levels

were generally below 15 µgL1

Potomac River in the tidal fresh to oligohaline Potomac

River seasonal median chlorophyll a values of < 15 µgL1

were associated with revegetation and continuedpropagationof SAV A downward trend in chlorophyll a

occurred over the period 19801989 in these portions of

the river along with an increase in SAV at all sampling

stations High chlorophyll a values > 30 ggL1 of short

duration were noted but did not seem to be detrimental

to established SAV beds

Mesohaline sago pondweed redhead grass

widgeon grass
Chlorophyll a reported from the Choptank River were

similar to levels measured in the Potomac River In the
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lower portions of the river 020 km where healthy SAV

beds have persisted the seasonal medians for chlorophyll

a measured in 1988 and 1989 were 10 tgL The middle

reach of the river 2040 km a region of marginal SAV

growth had seasonal median concentrations ofchlorophylla of 6 µgL in 1988 and 11 µg in 1989 In the

uppermost river above 40 km where SAV is absent

seasonal median concentrations ranged from 1720 µgL1

Based on these data 15 µgL1 is the uppermost limit

whereas lower chlorophyll a concentrations of < 10 µgL1

may be necessary to sustain existing SAV populations in

this mesohaline region Table 1

Polyhaline widgeon grass eelgrass

A critical chlorophyll a habitat requirement
of < 15 µgL1

was determined for the polyhaline region of the Bay
Seasonal median levels of chlorophyll a at vegetated sites

were < 15 µgL during 19871989

Total Suspended Solids

For most regions of the Chesapeake Bay the TSS habitat

requirement for SAV is < 15 mgL1 Table 1

Tidal Fresh Oligohaline wild celery sago

pondweed
Upper Chesapeake Bay the seasonal median TSSconcentrationat which SAV survived in the upperChesapeakeBay during the 1989 growing season was < 15 mgL1

Table 1 At sampling sites where median TSSconcentrationswere above 20 mgL1 SAV were not found during

the same period Levels below 10 mgL were associated

with a higher abundance of SAV

Potomac River seasonal median TSS concentrations of

< 1516 mgL1 are required for SAV growth in the tidal

fresh portion of the Potomac River Table 1 Median

concentrations of TSS over the growing season of April to

October were measured during 19801989 During 1980

only the oligohaline portion of the river contained SAV

Seasonal median TSS concentrations in this reach of the

river were < 1520 mgL In both the upper and lower tidal

river where no SAV was present during this period

seasonal median TSS concentrations ranged from > 2030

mgL1 During 19831989 a downward trend in TSSconcentrationscorresponded with the reestablishment of

SAV in the tidal fresh portions
of the river and thecontinued

propagation of previously established SAV in the

lower oligohaline reaches of the river By 1986 and again

in 1989 the entire length of the tidal fresh and oligohaline

river portions contained SAV whereas the seasonal

median TSS concentrations ranged near 15 mgL1throughout
these areas

Mesohaline sagopondweed redhead grass

widgeon grass
For mesohaline habitats the habitat requirement for TSS

of < 15 mgL is based on findings fromthe Choptank River

study region In the Choptank River areas of SAV growth

and recolonization had seasonal median concentrations

of TSS below 15 mgL during most of the growing season

Table 1 In contrast concentrations > 20 mgL1 routinely

occurred upriver where no SAV was present

Polyhaline widgeon grass eelgrass
The TSS habitat requirement

for polyhaline habitats is < 15

mgL1 The seasonal median of TSS measured at lower

York River sites where SAV remains is < 15 mgL1 TSS

concentrations measured at upriver sampling sites where

SAV is no longer present significantly exceeded this

amount Therefore the median seasonal concentration of

< 15 mgL1 TSS is the habitat requirement for SAV in

polyhaline waters Table 1

Temperature
The principal growth period for most Chesapeake Bay

SAV species is from April to October Optimum water

temperatures for photosynthesis and growth generally

range around 30°C and occur during the summer months

However eelgrass grows best during spring and autumn

when water temperatures are lower 87678

Wild celery
The most active growth for wild celery in the Chesapeake

Bay is during the months of June July and Augustalthoughturion formation occurs in September

In the upper Chesapeake Bay and in the Potomac River

wild celery germinates from overwintering tubers when

water temperature is about 15°C Growth of wild celery

becomes more rapid with increasing temperature and the

plants tolerate maximumwater temperatures of 3035°C8

Comparable temperature ranges also are reported in the

literature Under laboratory conditions wild celery grew

best within the temperature range
of 3336°C whereas

temperatures below 19°C caused arrested growth and

temperatures above 50°C caused plants to become limp

and disintegrated91 Similar ranges have been reported by

others677880 In the Detroit River wild celery grew at a

water temperature range of 19315°C while in Lake Erie

wild celery grew at 227263°C 324551

Sago pondweed
Sago pondweed survives in a highly variable range of

temperature which partially explains its cosmopolitan

distribution Temperatures as low as 5°C have been

reported as the lower threshold of sago pondweed

growth3140 Under laboratory conditions the tolerance

range
for sago pondweed was 1037°C with highest

growth rates occurring between 17 and 23°C407278

Redhead grass

Optimum temperatures for photosynthesis and growth of

redhead
grass generally range about 30°C78 Respiration
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and oxygen consumption of redhead grass has been

shown to increase as temperatures increased from 25 to

40°C with death occurring at 45°C27678

Widgeon grass
In Chesapeake Bay the seasonal temperature range for

widgeon grass is 030°C In the Choptank River seasonal

temperatures generally range from 2°C during the winter

months to 30°C in the summer while in the York River

temperatures range from 030°C where widgeon grass is

distributed

Wild celery

In Chesapeake Bay wild celery generally has beenconsideredto be restricted to the tidal fresh and oligohaline

portions of the Upper Bay and tributaries 487678 In early

laboratory studies wild celery could not be successfully

maintained with salinity > 42 ppt10 whereas othersreporteda threshold of 666 ppt28 More recently laboratory

evidence has shown a wider
range in tolerance of wild

celery to salinities from 0 ppt to 12 ppt83 Growth was

unaffected by salinities up to 12 ppt well within the

mesohaline range

In other studies widgeon grass growth is associated with

a temperature range of 1830°C with optimum growth at

about 30°C although some fruiting and flowering can

occur at higher temperatures
24366478 Seed germination is

influenced by temperature The highest germination rates

for widgeon grass seeds were observed to occur attemperaturesof 2528°C preceded by a cold stratification

period 47°C of several months 687885

Eelgrass
Water temperatures for eelgrass over its geographical

range vary from 030°C97678 This temperature range is

also reported for eelgrass distributions in Chesapeake

Bay Eelgrass grows slowly during the winter months of

December through February with higher productivities in

spring and fall and a decline in plant growth during

summer 7888 Eelgrass has a bimodal pattern of above

ground growth with highest growth rates during spring

and a second growth period during the fallTemperaturesabove 30°C result in increasing respiratory losses of

photosynthate which indicates that eelgrass isenvironmentallystressed244878 Four distinct biologicallydetermined
seasons of eelgrass growth compared to the annual

temperature cycle have been determined The winter

cycle is from 13°C to a low of 0°C followed by a warming

trend to 9°C spring from 923°C summer from 23°C

to a high of 30°C followed by a cooling period to 25°C

and fall from 2513°C8

Eelgrass is a coldwater adapted species which grows best

in the cool spring and fall months Thus it differs from

most other Bay SAV species which have maximum

productivity during the summer78

Salinity
All SAV are distributed mainly according to salinityconcentrationsconducive to growth Most SAV species have

little or no problem in tolerating decreased salinity and it

has been shown that enhancement of germination

growth and flowering often occur with a reduction in

salinity
147883 However increases in salinity generally

result in an overall growth reduction because plantsexpendenergy in salt absorption to counteract increases in

osmotic pressure rather than expending energy for

growth1578

Sago pondweed
Sago pondweed commonly is found in freshwater streams

and ponds as well as brackish coastal waters
7678Maximumseed production seed germination and vegetative

growth of sago pondweed has been reported to occur in

fresh water Tuber production and growth werestimulated
at 3 ppt whereas at 89 ppt growth decreased and

germination rates were decreased by 50767879Investigatorshave grown sago pondweed collected from fresh

to brackish waters in laboratory cultures that varied from

fresh to 9 ppt4086

Redhead grass
Redhead grass occurs in oligohaline and mesohaline

waters
7678 Redhead grass has been reported to survive in

salinities in the range of 525 ppt27678 However redhead

grass is generally found in localities of Chesapeake Bay

where salinities are from about 1519 ppt78

Widgeon grass

Widgeon grass is tolerant of an extremely broad range of

salinity concentrations2278 In Chesapeake Bay the upper

limit for widgeon grass has been reported as both 30

ppt747678 and 40 ppt37678 the lower limit of its salinity

tolerance range is reported as 5 ppt37678

Eelgrass

Eelgrass can tolerate salinities ranging from 8 ppt to

polyhaline45496162767882 In the York River eelgrass

generally does not grow upstream from areas where

salinities are below about 10 ppt8547678

pH
In Chesapeake Bay normal pH is from about 6 to 9 Most

SAV species are able to tolerate a wide pH range although

drastic fluctuations could cause damage Extreme pH
values are unlikely except perhaps locally and therefore

would have only localized effects on SAV7678

The photosynthesis and respiratory activity of SAV causes

diurnal fluctuations in the dissolved carbon dioxidecontent
of the surrounding water which in turn affects pH

Therefore as plants photosynthesize during the day and

lower the dissolved carbon dioxide pH will increase At

night when plants respire and give off carbon dioxide pH
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will decrease7678 The pH in turn can affect plant enzyme

activity seed germination and a variety of other plant

responses Plant enzymes exhibit optimum activity within

specific pH ranges 717678 The pH influences swelling of

proteins and therefore is related to seed germination
7678

Other plant responses such as heat susceptibility enzyme

solubility and absorption of salts are affected by pH 117671

The median pH from a number of sago pondweedlocalities
in central North America was 854063 Sago pondweed

has not been recorded in waters with pH < 63 and pH
> 10740

The rate at which wild celery is capable of incorporating

dissolved inorganic carbon which is used inphotosynthesisdeclined by 61 with increasing pH from 7 to 8
whereas only slight changes occurred from pH 8 to 981 In

contrast wild celery plant weight number of rosettes per

plant and plant buds have been reported to decrease with

declining pH45 A review of the literature regarding ranges

of pH and wild celery distributions showed that for most

freshwater lakes and river systems from throughout the

US and Canada pH ranged from about 65 to 9241

STRUCTURAL HABITAT REQUIREMENTS

Substrate
The distribution of submerged aquatic vegetation in

Chesapeake Bay is dependent on the ability of thesedimentsto provide not only mechanical support for the

plants but also nutrients In general SAV are unable to

grow in very coarse substrates boulders stones and

gravel and occur in more stable sediments composed of

sand or mud Organic matter in the sediments leads to

formation of anaerobic sediment which can enhance the

availability of certain nutrients to SAV However too

much organic matter can cause total oxygen depletion so

that SAV growth is unlikely7678

Wild Celery

Wild celery has been found to grow in a wide range of

substrates Early studies reported wild celery growing

equally well in sandy sediment or mud617678 Others

report wild celery only grew in sandy substrates in a

Wisconsin Lake 467678 Wild celery has also been reported

growing in a variety of substrates that include gravel and

hard clay but growing best in silty sand3145 A study

examining wild celery growth in varying sediment types

showed that wild celery thrived best in mixed sediment

composed of about 48 silt 21 sand 14 clay 9
gravel and 65 organics

347678
Still others report wild

celery growing in highly organic peatlike substrates 45 in

the Upper Chesapeake Bay most healthy beds of wild

celery were found to grow in sandyloam or sandysilt

sediments that consisted of at least 6 silt and between

153 organic matter8

Sago pondweed
Sago pondweed has been reported growing on a variety

of substrates78 An extensive review of the literature

showed sago pondweed growing in a number of different

substrate types that include sand silt clay loam and

organics It was concluded that sago pondweed is not

substratedependent and its distribution and abundance

is a function of the water movement ie wave action

fetch which affects turbidity and the deposition of soft

easily colonizable sediments40

Redhead grass
A study of the substrate requirements for submersed

plants in English Lakes showed that redhead grass grew

best in moderately organic muds that were fairly rich in

nitrogen and exchangeable calcium 527678 Redhead
grass

has been reported to replace sago pondweed as sandy

sediments became more fine textured4065

Widgeon grass
In Chesapeake Bay widgeon grass has been reported

growing on soft bottom muds frequently on sandysubstratesand also growing in shallow ditches rich in organic

muds37678

Eelgrass

Eelgrass is

found primarily on sandy substrates inChesapeakeBay The extensive rhizome growth of eelgrass can

trap and bind sediments providing some stability to the

bottom substrate This can result in a slight elevation of

the eelgrass bed above the surrounding unvegetatedsubstrate567678
Current and Wave Action

Generally SAV do not grow in areas of continuous strong

currents or tides due to excessive scouring of the bottom

substrates Also these are usually areas of increasedturbidityfrom resuspension of fine sediment particles7678

Wild celery
Wild celery is reported from waters with varying current

and wave activity304578 Wild celery may tolerate high

energy environments due to its wide leaf shape basal

meristem and root structure3035457880

Transplants of wild celery in the Upper Chesapeake Bay

were most successful when planted in areas protected

from strong wave action8

Sago Pondweed
Sago pondweed appears to do best in low to moderately

turbulent areas Sago pondweed has been reported as

moderately tolerant of turbulence caused by wave action

and even may be benefitted by the lack of potential

macrophyte competitors at sites where water movement

is substantial 41 Seed production was reported highest in

sheltered areas whereas tuber production was at amax210
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imum in high energy environments 4118
Sago pondweed

unlike other SAV species may have been able to persist

during the damaging tropical storm Agnes in 1972 due to

its lattice root structure
7678

Redhead grass
Redhead grass usually is found in still or standing

waters 497678

The
majority

of herbicides applied to agricultural fields in

the Bay watershed are photosynthesis inhibitors with

wide toxicity to many weed species However in aquatic

environments they have relatively fast degradation rates

There are some herbicide compounds developedspecificallyfor
aquatic weed control in freshwater ponds and

lakes but they too are relatively shortlived in theestuary78
Widgeon grass
Wave action can limit the growth of widgeon grass either

through mechanical damage or by causing highturbidity367678Its fragile branch tips at the water surface can

be fractured by wave action and the broken off fragments

are not able to survive
507678

Eelgrass

Along the eastern shore of the lower Chesapeake Bay

eelgrass is reported growing behind offshore intertidal

sand bars possibly due to protection for wave activity In

contrast widgeon grass grows in the shallower waters on

the bars suggesting that eelgrass is limited in its ability to

withstand a combination of high temperatures and wave
action7888 It has generally been recognized that eelgrass

cannot compete well with other macrophytes along high

energy shorelines75

SPECIAL PROBLEMS

Toxics

Toxics of concern to SAV include herbicides heavymetalsand petroleum products Herbicides are the most

important and have been shown to cause negativeimpactsto SAV Studies of heavy metal concentrations in SAV

tissues have shown that no significant threat exists to

either Chesapeake Bay SAV or consumers of SAV Little

data are available concerning toxic effects of petroleum

on SAV78

The potential impact to SAV from herbicides inagricultural
runoff has been an issue of concern in Chesapeake

Bay since the dramatic SAV decline of the 1970x7678 It

was noted that herbicide use had been increasingexponentiallysince their introduction in the 1960s77 Others

suggested that the shift to chemical weed control was a

possible cause for the SAV dieoff observed in theChesapeakeBay Furthermore it was postulated that increased

herbicide use and in particular notill or minimumtill

agriculture might be especially detrimental to Chesapeake

Bay SAV18 More herbicides are required to control weeds

with these farming methods than with conventionaltillage27Although the Baywide decline of SAV since has

been attributed mainly to excessive loadings of nutrients

and sediments
4384

the potential for sporadic andlocalized
damage to SAV from agricultural herbicides still must

be addressed

Agricultural herbicides potentially can enter nearby

waters through two mechanisms leaching or dispersion

into the dissolved portion of the water column andadheringto soil runoff particles The concentrations of a given

herbicide in runoff are dependent upon soil type and the

specific herbicide characteristics as well as application

rate land slope and weather7678 For example after

monitoring runoff from a cornfield in the Rhode River

watershed it was calculated that a 12 runoff loss of

atrazine occurred in this silty loam soil type90 More

recently it was reported that out of five compounds

applied to experimental watersheds in upper Chesapeake

Bay simazine had the highest concentrations in runoff

with peaks in the range of 50250 µgL17378 Although

there is increasing consensus concerning what levels of

herbicides are toxic to SAV under estuarine conditions it

is still unknown to what extent sporadic herbicide runoff

results in potentially lethal concentrations in the water

column78

Early Chesapeake Bay SAV research examined thepossibilitythat the commonly used agricultural herbicides

such as atrazine and linuron were the primary factor

responsible for the SAV decline of the 1970s Afterextensivereview of the literature

it was concluded thatherbicide
concentrations in the field are seldom high enough

to damage SAV populations Furthermore SAV recovery

is rapid following exposure to low concentrations of

herbicides so even chronic exposure to the averageconcentrationsfound in the field would not producepermanentdamage Although periodic storm events which

produce substantial herbicide runoff immediatelyfollowingherbicide application could potentially have

detrimental impacts on SAV these would have localeffects7678
A recent analysis of sediments also

supports theconclusionthat in the field herbicide concentrations are low

Six sites were analyzed for herbicide contamination in

surficial sediments upper 10 cm in the upper middle

and lower Bay regions No detectable herbicide residues

were found lending further support to the conclusion that

the Baywide SAV decline was driven predominantly by

nutrient and sediment loadings16 The possibility ofherbicide
toxicities still needs to be considered however

when the adverse impacts of runoff on SAV cannot be

explained by reduced light attenuation Also continued

monitoring of runoff and its potential impacts to SAV is
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necessary to assess whether new herbicide formulations

could threaten remaining SAV

The herbicide compounds most commonly used in the

Chesapeake Bay watershed are atrazine simazinediaquatparaquat and linuron7678

Atrazine and Simazine
Atrazine and simazine belong to the striazines and are the

most widely used herbicides in the Bay watershed7S The

striazines are absorbed readily to sediment particles in

the water column As these herbicideladen particlessettlethey maycome into contact with SAV78 It was reported

that soilsorbed atrazine is relatively unavailable for plant

uptake at concentrations as high as 120 µgL1 and that the

shading effect of the soil particle itself
poses a greater

threat to SAV37 However desorption from soil is rapid in

the aquatic environment so sediment concentrations on

leaf surfaces are most likely in equilibrium with the water

column and atrazine is readily taken up by plants from

surrounding water78

Significant reductions in apparent oxygen production in

estuarine microcosms containing SAV were observedfollowingintroduction of 013 mgL1 atrazine Surprisingly

oxygen production began recovering within two weeks

of treatment at four weeks it had returned to nearpretreatment
levels despite total atrazine levels remainingconstant

throughout the period19

Therefore although exposure to low concentrations of

atrazine may cause an immediate reduction in SAVproduction
rates recovery appears to be fairly rapidespecially

if exposure time is short This response is consistent

with the findings of others384278

Several studies have shown that the IC50 theconcentration
at which photosynthesis andor growth is reduced by

50 for a number of Chesapeake Bay species is in the

range 50150 ggL1 for herbicides such as atrazine and

simazine182138394278 An IC50 of 29 tgL is reported for

sago pondweed25 The threshold concentration theconcentrationat which photosynthetic inhibition is firstobserved

is about 20 µgL139 Substantially higher IC50 values

4741104 ggL1 have been reported when growthmeasurementssuch as leaf length and dry weight whichrequirelonger term studies have been used instead of

photosynthetic response26 pointing out the possiblyconservativenature of values obtained by shortterm

studies78

Furthermore it has been reported that atrazineconcentrationsin excess of 10 tgL1 lasting over one day arerelativelyrare in Chesapeake Bay Also photosynthetic

recovery of SAV is comparatively rapid at 1025 RgL1 so

that longterm declines in SAV from herbicide damage in

the water column are unlikely Therefore low level d
is
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concentrations < 10 µgLl atrazine are not widely

viewed as major problems for SAV species in the Bay3878

Linuron
In a manner similarto atrazine linuron causes substantial

reductions in SAV photosynthesis followed byphotosynthetic
recovery at initial concentrations of < 100 µgL144

Unlike atrazine however the recovery is most likely due

to herbicide degradation rather than detoxification

Recovery did not occur after exposure to concentrations

of 500 and 1000 µgL1 Linuron appears to be slightly more

toxic to SAV than atrazine with slightly lower IC5o values

The maximum concentrations recorded in the estuary

however are far below the IC50 indicating that thischemical

is probably of limited significance to SAV inChesapeakeBay78

Field sampling in several Chesapeake Bay estuariesindicatedthat linuron had been found at concentrations up to

almost 9 mgL1 in sediments17 Bioassays showed that 1

mgL1 linuron in sediments was sufficient to cause

decreases in gross photosynthesis of another SAV species

horned pondweed17

Diquat and Paraquat
These herbicides are used widely in notill or minimumtill

agriculture in Chesapeake Bay Exposure to ultraviolet

light UV normallycauses photochemical breakdown of

diquat and paraquat but since there is little UV penetration

beyond the upper 12 cm of surface water theseherbicides
are comparatively stable in aquaticenvironments78However since they are usually tightly absorbed

to clays they present minimal problems to plant life

Other Environmental Factors
Potential damage to SAV can occur from otherenvironmentalfactors such as intensive foraging by wildlife boat

traffic dredging and shoreline development Although

these activities by themselves are not responsible for the

current reduced levels of SAV Baywide they cannegatively
impact SAV on a local level

Foraging
Fauna including carp cownose rays and waterfowl may

destroy SAV Carp cause destruction to SAV by theirforagingactivities for mollusks and crustaceans in the soft mud

The SAV beds are damaged directly by the physical

uprooting of the plants and indirectly by the exclusion of

light due to the turbid waters and floating plantfragments49707678

Cownose rays
have also been documented to cause

damage to SAV beds by their feeding activities Large

patches of eelgrass beds in the lower Chesapeake Bay

have been uprooted by cownose rays digging with their

pectoral fins in search of bivalve mollusks557678
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Waterfowl are well known for their food preference for

SAV Fluctuations of waterfowl populations have been

reported to cycle with SAV fluctuations In fact the decline

in SAV distribution and abundance has been attributed as

a primary cause for the reduction in Bay waterfowl

populations5376
78

Boat Traffic

Damage to SAV from boat traffic has been of localimportanceDirect damage to plant beds occurs from boat

propellers With the increased numbers of registered

boats using the Bay the potential for damage to remaining

SAV could be more extensive78

Dredging
Clam dredging causes damage to SAV by physically

uprooting the vegetation and by increasing turbidity in the

surrounding area Historic levels of clam dredging in

Chesapeake Bay were not considered as having anylongterm
impact to Baywide SAV distribution andabundance76ctsWith recent declines in other Bay fisheries

resources clamming activities have increased which may

present a greater potential for negative impacts toremainingSAV populations

Dredging for channel maintenance also directly damages

SAV by removing the vegetation and altering the habitat

ie increased depth usually prohibiting SAV from

recolonizing the area due to insufficient light in the deeper

water Also increased turbidity fromthe dredging activity

can negatively impact SAV in surrounding areas
7678

Shoreline Development
Shoreline development activities such as marinas and

construction of waterfront properties can negativelyimpact
any remaining SAV beds Also this development can

result in the loss of shallow water habitat which may
reduce potential habitat that SAV could recolonizefollowingimproved water quality

RECOMMENDATIONS

Recommendations for improving habitat conditions

necessary
for SAV to successfully grow and reproduce

include

Setting habitat requirements as regional

goals
The habitat requirements identified as critical forsuccessfulSAV growth should be minimum regional goals for

improving water quality Additional water quality

monitoring may be necessary to measure success in

achieving these regional goals

Refine habitat requirements
Research must continue to further refine the habitatrequirementsfor SAV The habitat requirements for SAV

identified in this document and the Chesapeake BaySubmergedAquatic Vegetation Habitat and Restoration

Goals A Technical Synthesis8 are the minimum levels

necessary for establishment and maintenance of current

SAV populations not for guaranteeing conditions forrestoration
of depleted SAV populations

Continue Baywide monitoring of SAV
Baywide monitoring of SAV distribution and abundance

should continue to provide a measure of the success of

restoration efforts aimed at improving water quality SAV

has been shown to be relatively responsive to changes in

water quality Also unlike other living resources SAV can

be efficiently monitored to provide an accurate account

of Baywide distribution and abundance through use of

aerial and ground surveys

Protect remaining SAV and potential SAV
habitat

Protection of remaining SAV populations as well aspotential
shallow water SAV habitat areas should be given a

high priority Damage to remaining SAV beds forexamplefrom dredging and construction activities should

be avoided Potential shallow water habitat as defined in

the Chesapeake Bay Submerged Aquatic Vegetation

Habitat and Restoration Goals A Technical Syntbesis8 is

based on historic distribution data and the 2 m depth

contour of the Bay and its tidal tributaries These areas are

also in need of protection to provide SAV with additional

habitat that could be revegetated following improved

water quality Revegetation of these areas wouldcontributeto restoration of SAV acreage and abundance

throughout the Bay

Reduction of sediments and nutrientloadings
The Baywide decline of SAV has been attributed toexcessive

loadings of sediment and nutrients from thesurroundingwatershed Federal state and localmanagement
agencies throughout the Bay drainage basin should

continue efforts to reduce loadings of these pollutants

through point source and nonpoint source control

programs

Continue to monitor other factors

Other environmental factors such as herbicide loadings

dredging and boat activities have been shown to impact

SAV These types of activities tend to be local in nature

and by themselves have not caused the current Baywide

reduced levels of SAV However the low remaining SAV

populations may not have the resiliency of formerdistributionsand densities and thus be less able to withstand

the impacts from these activities especially at greater

intensities
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CONCLUSIONS

SAV is a key component of the Chesapeake Bayecosystem
Baywide distribution and abundance of SAV has

undergone a severe decline in recent decades mainlydue

to excessive loadings of nutrients and sediments Key

habitat requirement parameters
have been identified and

the threshold levels of these parameters necessary to

establish and maintain SAV populations have beendeterminedFurthermore other environmental factors that

pose potential threats to SAV are known To ensure that

remaining SAV distribution and abundance experience no

further reductions protection of these populations should

be given priority Furthermore if SAV distribution and

abundance are to improve to former historic levels e
x
c
e
s
s
iv

e

nutrient and sediment loading must be reduced and

the threshold levels of the key habitat parameters must be

met
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Table 1 Summary o
f Chesapeake Bay SAV habitat requirements by region as proposed in Batiuk et al

8

DIN = dissolved inorganic nitrogen DIP = dissolved inorganic phosphorus Chi a = Chlorophyll a
TSS = total suspended solids

REGION SALINITY

SPECIES

DIN

mgL1

UPPER BAY Tidal Fresh

Oligohaline wild

celery sago

pondweed

NREa

POTOMAC
RIVER

Tidal Fresh wild

celery

Oligohaline wild

celery sago

pondweed

NREb

NRE°

MIDDLE BAY
CHOPTANK

RIVER

Mesohaline sago

pondweed

redhead grass

widgeon grass

<015

LOWER BAY
YORK RIVER

Polyhaline

widgeon grass

eelgrass

< 015

DIP Chi a Light Attenuation Secchl Depth TSS

mgL1 NgL1 m1 m mgL1

< 002 necessary < 15

for SAV

survival

> 002 leads to

declines of

marginal SAV

beds

<2 >08insheltered <15

areas No SAV found

> 10 in in areas > 20

unsheltered healthy SAV

beds

in areas

<10

< 004 correlated 5 15 < 22 for 05 for SAV to < 1516 for

with SAV revegetation and survive expansion and

revegetation increased 07 necessary revegetation

abundance for revegetation

< 004007 15 < 27 for 05 < 20 for

correlated with previously maintenance of

survival of established SAV existing

established SAV beds populations

beds and

revegetation

< 001 < 15 SAV < 15 for abundant > 08 < 15

survived SAV growth < 2

< 10

to

sustain for survival of

populations marginal SAV

growth

< 002 < 15 < 15 > 08 < 15

a No Requirement Established NRE No DIN habitat requirement could be established because of inconclusive data

b No DIN habitat requirement could be established Ammonia concentrations < 04 mgL1 were associated with SAV revegetation and ammonia concentrations

> 06 mgL1 were associated with revegetation failure Nitrate plus nitrite concentrations < 17 2 mgL1 were associated with SAV propagation and survival

c No DIN habitat requirement could be established SAV survival occurred at ammonia concentration 0407 mgL1 Nitrate plus nitrite concentrations < 17 2

mgL were associated with SAV propagation and survival
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EASTERN OYSTER
Crassostrea virginica

Victor S Kennedy

University of Maryland

Center for Environmental and Estuarine Studies

Horn Point Environmental Laboratory

Cambridge Maryland

The
eastern oyster is a resilient estuarine species that is well

adapted to its fluctuating environment in the Chesapeake

Bay It tolerates wide natural variation in temperature

salinity suspended sediments and dissolved oxygen to the extent

that environmental regulations protecting more active or more

sensitive species like blue crabs and striped bass will probably

protect oysters It is fecund enough to produce billions of spat in

the Bay if brood stock abundance is high suitable hard substrate is

plentiful and climatic conditions are optimal Predation causes

high mortality of the young stages High mortality rates also have

been caused by diseases in recent years Pollution is a local problem

for oysters near industrialized regions of the Bay Overfishing has

led to depressed harvests degraded oyster grounds and a

weakened fishery To rehabilitate the resource it will be necessary

to understand aspects of oyster biology more completelyespeciallydiseases to rehabilitate the oyster grounds to manage the

resource according to scientific principles and to encourage the growth of aquaculture

INTRODUCTION

The eastern oyster is a very
fecund commercial bivalve

that is welladapted to an estuarine existenceConsequently

it is very resistant to the wide swings oftemperature
salinity turbidity and dissolved oxygen thatcharacterize

its habitat In addition to its fecundity the species

has morphological physiological and behavioraladaptations
that by colonial times allowed it to persist inimmensenumbers in the Chesapeake Bay European settlers

reported that cemented agglomerations of
oyster

shells

formed navigational hazards rocks thrusting up from

the soft Bay bottom

The filtering activities of these massive concentrations of

oysters may have resulted in the Bay harboring a much

different assemblage of phytoplankton and zooplankton

than at present This assemblage may have contained

fewer sea nettles microplankton and bacterioplankton

and the Bay waters probably were much less turbid than

now thus allowing submerged aquatic vegetation to

thrive

Naturally these immense beds of oysters began to be

exploited by early settlers to the extent that the Bay

fishery was one of the most important in the US at the

turn of the 20th century43 However politically directed

management of the Bays oyster resources at the behest

of oyster harvesters resulted in virtually unregulatedoverharvestingand subsequent decline in the abundance of

the species over the past century In some heavilypopulated
regions of the Bay pollution and high sediment

loads have also contributed to the decline Oyster beds in

unpolluted or relatively unpolluted regions roughly from

Eastern Bay south on the Eastern Shore and in the

Patuxent and Potomac River mouths on the Western

Shore with scattered populations elsewhere are indangerof being overwhelmed by sediment becauseoverfishinghas led to excessive scraping of the substrate leaving

the surface of the beds projecting just above the sediment

where it can be covered during storms
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The repeated warnings of numerous scientists andcommissions
of inquiry and their recommendations forconservationof the resource have generally been ignored by

the Maryland and Virginia legislatures
4344

Oyster farming

aquaculture in Maryland has been discouraged for most

of the 20th Century by passage of various laws The

potential for rehabilitation of the fishery has been greatly

hindered by episodic incidences of lethal diseases over

the
past 30 years

With overexploitation and disease having depleted

oyster stocks the Bay fishery is a fraction of what it once

was Over 15 recent years 19711986 oysters
haverepresented21 of Marylands total commercial fishery catch

and 48 of dockside value However from 1983 to 1986

these proportions declined to 8 and 30 respectively8

Catches have declined dramatically from 14 million

bushels in 1890 shortly after overfishing began to less than

05 million bushels per year since 1987 The market for

Bay oysters has declined along with the harvest so that

an increasing market share has been captured byaquaculture
industries on the Pacific coast of the United States and

elsewhere

Because it is highly adapted for an estuarine existence

and because the central Chesapeake Bay is so conducive

to sustained reproduction settlement and growth of

oysters the eastern oyster could once again become a

major natural resource in the Bay if aquaculture were

encouraged and if resources were available to rebuild

oyster beds in formerly highly productive habitat The

oyster is immobile for much of its life and therefore does

not have a high metabolic demand As will be described

later it is resistant to all but the most extremeenvironmentalfluctuations Consequently except perhaps foranthropogenicchemicals found near industrial populationcenterswater quality criteria established for more

metabolically active and sensitive species such as the blue

crab and the striped bass will undoubtedly protect the

oyster as well

BACKGROUND

The eastern oyster also known as the American oyster or

Virginia oyster is a bivalve mollusk in the family

Ostreidae a family that is worldwide in distribution and

that supports numerous commercial fisheries in many
nations The eastern oyster ranges along the coast of North

America from the Gulf of St Lawrence to the Gulf of

Mexico It has been introduced to Hawaii the west coast

of North America and other locations worldwide Its

typical habitats are estuaries sounds and bays from

brackish water to hypersaline lagoons It is found in the

shallows of the Chesapeake Bay from salinities above

about 5 ppt in the upper Bay and its tributaries to the

nearoceanic salinities of the Bay mouth

Four recent reviews of oysters in general and the eastern

oyster in particular are the authority for statements in this

text unless otherwise noted 2334441

LIFE HISTORY

Reproduction
Adult oysters are immobile but release eggs and sperm

into the water where external fertilization occursProduction
of spawn gametogenesis depends on storage of

glycogen which begins after spawning in summer or

autumn with the accumulation of nutrients and which

slows or stops under winter conditions Ripeningdevelopmentof gametes is rapid over a few weeks in the

Chesapeake Bay as water temperatures warm above

10°C in spring Temperature increase stimulates natural

spawning and spawning in the Bay may occur at 18°C

limited spawning to 20°C and above45 The presence of

sperm or eggs also stimulates release of gametes as may
the presence of some chemical perhaps foodrelated in

the water pumped by adults4593 Where temperatures

permit females may spawn more than once in a season

with up to 20 million eggs sometimes more released at

any one time by an individual female depending upon
her size and condition

Larval Development and Settlement
Fertilized eggs develop into ciliated veliger Dstage

straighthinge larvae in 24 hours or less depending upon

temperature During the next two to three weeks the

freeswimming larva grows until ready to settle Before

settlement occurs at about 260300 gm a foot develops

pediveliger stage The foot is used to crawl andexploresubstrate before settlement and metamorphosis

occurs When a suitable substrate is found liquid cement

is extruded from a pore in the foot and the left valve

becomes fixed in place Subsequently the ciliated velum

that allowed the larva to swim is discarded the foot is

reabsorbed rapidly and gills and a digestive tract are

elaborated The attached juvenile oyster is called a spat

Metamorphosis will be delayed if suitable substrate is
unavailable eg as a result of siltation presence of

noxious chemicals etc The length of delay that can

occur in nature is unknown but Coon et al18 have been

able to keep competenttosettle Pacific oysterCrassostrea
gigas larvae in the laboratory for 30 days without

settlement occurring Settlement and metamorphosis in

the eastern oyster are mediated by neuroactivecompoundssuch as L34dihydroxyphenylalanine LDOPA
epinephrine and norepinephrine16 7

Anthropogenic

substances in the water column that mimic or inhibit such

compounds might stimulate settlement prematurely or

inhibit

it

but this possibility has not been explored at all

The planktonic larval stage is the only mobile stage

Larvae can swim up or down in the water column but are
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carried moreorless passively by horizontal watermovements of the eastern oyster personal communication R Newell

Horn Point Environmental Laboratory

Growth
Fastest relative growth occurs in the early months of an

oysters life Annual growth rate is affected by temperature

the rate increases from north to south by food quality

and quantity by salinity and by parasitic infection Shell

growth maybe greatest in spring as water warms Growth

of the soft body tissues is greatest after spawning ends as

glycolytic reserves are built up in preparation for

gametogenesis during the subsequent winter Growth

slows in the spawning season as energy is allocated to

production of
eggs and sperm

ECOLOGICAL ROLE

Substrate
Because estuaries are areas of high sediment deposition

their basins are predominantly softsediment in nature

subject to continual sediment influx from the surrounding

watersheds As a result of its production of shell the

eastern oyster provides the greatest volume of hardsubstratefound in estuaries In pristine or carefully managed

habitats oyster reefs can be massive thus affordingextensiveattachment area for oyster larvae as well as

numerous associated species that like oysters require

solid substrate As a result of overfishing in theChesapeakeBay oyster shell substrate is usually limited to a

relatively thin layer of dead shell and live oysters spread

widely over Bay bottom These damaged habitats are

more readily covered by sediment because currents are

slower near the bottom In addition reefs with many live

oysters seem to remain freer of sediment for reasons that

are not clear but may include the effects of water pumping

and vigorous shell clapping by the resident oystersUltimately
overexploited reefs disappear overwhelmed by

sediment leaving less habitat available for oysters and

other species that require hard substrate such as hooked

mussels tunicates bryozoans and barnacles

Principal Foods
As is characteristic of a species with planktotrophic larvae

that depend on phytoplankton for food oyster eggs are

supplied with the minimum lipid reserves to support

energy requirements until feeding and digestive systems

develop and function For the 23 weeks of larvalexistence
before settlement suitable planktonic food isnecessaryfor survival and metamorphosis Young spat grow

rapidly after settlement and have low food reserves an

adequate quantity and quality of phytoplankton isrequiredfor the buildup of nutrient reserves to meetmetabolicneeds over winter The adult also requires suitable

food to support gametogenesis Preliminary data on
studies in the Choptank River indicate that Broad Creek

and the Tred Avon River have sufficient food to support

the presumed food requirements of any life history stage

Larvae spat and adults ingest predominantly living

plankton Oyster larvae can ingest food particles ranging

in size from 02 to 30 µm selectively ingesting 2030 9m
organisms4 Adults are less efficient in retaining particles

below 3tm in diameter than in retaining larger particles51

The biochemical composition of algal cells as well as cell

size is important The detrital complex in the sestonappearsto supply very little of an adult oysters carbon

requirements in Marylands Chesapeake Bay1974

Role as a Filter Feeder
Recently it has been proposed that overexploitation of

oysters in

the Chesapeake Bay has reduced the important

filtering role oysters play in the ecosystem resulting in

major biotic changes73 Oyster populations in the Bay are

calculated to have declined since the late 19th century from

a standing stock biomass of 188 million kg dry tissue to a

present biomass of 19 million kg dry tissue Where once

the population in summer was capable of filtering the

Bays entire water column from surface to bottom in an

estimated 3 to 6 days present stocks require an estimated

325 days The pre1870 oyster population is estimated to

have been capable of filtering 4277 of the 1982 daily

carbon production in Bay waters shallower than 9 m
compared with less than 1 filtered by the 1988population73
Newell73 hypothesized that the loss of such a majorfilteringassemblage may have been an important factor in the

apparent shift to microbial food webs in the Bay and to

an increase in zooplankton including gelatinouszooplanktonctenophores and jellyfish Restoration ofoyster
populations by aquaculture and the carefulmanagementof public beds would improve water quality through

the enhanced removal of particulate carbon by oysters

Oyster biomass would then be harvested permanently

removing the carbon from the system Note also that many
of the organisms commonly found attached to oyster

shells eg hooked mussels tunicates are also filter

feeders whose numbers may also have declined as a

consequence of the decline in oyster populations

Predation
The oyster like all bivalves that broadcast sperm and eggs

into the water column suffers over 99 loss of gametes
fertilized eggs and larval

stages before settlement occurs

Much of that loss is undoubtedly due to predation by

ctenophores and other planktivores Benthic carnivores

that consume oyster larvae include sea anemones the

scyphistoma stage of sea nettles and probably a variety

of filter feeding invertebrates Newly settled spat areconsumedby the carnivorous flatworm Stylochus ellipticus

and by small crabs Older spat and first
year oysters may

be eaten by larger blue crabs and some fish In higher
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salinity waters >20 ppt predatory snails and starfish feed

on oysters including the largest individuals Finallydiseasekills many oysters usually those older than one year

salinities below about 12 ppt seem to protect oysters from

disease Water saltier than about 5 ppt is excellent habitat

for oyster production because predatory snails andstarfish
are generally absent with disease limited in low

salinity years

HABITAT REQUIREMENTS

A number of physiological races of the eastern oyster

apparently exist along the western Atlantic coast
54555694

These races appear to differ in timing of gametogenesis

and spawning as a function of geographic location and

temperature regime Studies are currently beingconductedon these differences Relatively few data onenvironmental
requirements of the eastern oyster have been

collected fromChesapeake Bay populations Existing data

have been collected as the result of experiments in Long

Island Sound Delaware Bay and the Gulf of Mexico so

they may not be entirely accurate for Bay oysters But

these data do provide general insights into tolerances and

adaptations of the eastern oyster Table 1 summarizes

habitat requirements for temperature salinity sediment

pH and dissolved oxygen These requirements are best

estimates rather than exact values but can serve as guides

for managers

Water Quality

Temperature
Temperature influences growth developmentreproductionand feeding activity It has not been reported to

jeopardize oyster populations except where industrial

discharges release much warmer water than occurs

naturally Oysters cannot control their body temperature

and are subject to a temperature range of about 1°C to

about 36°C throughout their geographic range Oysters

exposed to air at low tide in southern regions have briefly

attained body temperatures of 4649°C33 However

temperatures much above about 32°C would be stressful

over a period of many hours or days and could be lethal

in winter when oysters are acclimatized to coldtemperatures
The eastern oyster has a maximum rate of ciliary activity

responsible for pumping water for respiration andfeedingat about 2426°C Ciliary activity is usually disrupted

above 32°C and feeding may cease below 67°C33527°

Efforts to determine lethal temperatures by Henderson37

and Fingerman and Fairbanks30 were environmentally

unrealistic and did not produce data that are ecologically

useful No other studies on lethal temperatures of adults

or spat have been reported However to simulateconditionsof passage through power plant cooling condensers

Hidu et al4° subjected fertilized eggs ciliated gastrulae

and 2dayold veliger larvae to temperature increases for

periods from 10 seconds to

1
6 hours Mortality increased

with increasing temperature and exposure time Fertilized

eggs were least resistant to higher temperatures followed

by ciliated gastrulae then veliger larvae Maryland law

governing temperature addition to estuaries should

protect oysters from lethally high temperatures and

heated effluents are not allowed near oyster beds

Temperature affects rate of larval development In the

Bideford River Canada oyster larvae required 30 days to

reach 365 gm in length at 19°C 26 days at 20°C and 24

days at 21°C67 Maximum larval growth in the laboratory

occurred between 300 and 325°C at Long Island Sound

salinities between 100 and 275 ppt22 and larvae reached

setting stage in 1012 days at 30325°C and 3640 days at

20°C Diaz26 noted that a fivesecond exposure to a 20°C

increase above 25°C but not increases of 10 or 15°C

permanently impaired larval growth his results would be

applicable to larvae exposed to industrially heated water

Increased temperatures below lethal levels influence

setting success of pediveligers In the Delaware Bay an

increase in temperature from 24 to 29°C for four hours

increased the percentage of larvae that set59 Such

temperature increases occur when water floods over tidal

flats heated by exposure during ebb tide Setting inVirginiawas also found to be influenced by the age of larvae

and degree of
temperature

increase above 25°C 40

Salinity
Like temperature salinity influences growthdevelopmentreproduction and feeding activity Oysters tolerate

a wide
range

of salinities and thrive in the mesohaline

waters of Chesapeake Bay they become less abundant

toward the head of the Bay and in the upper regions of

Bay tributaries where salinity falls below about 5 ppt The

most deleterious salinities are low salinities associated

with freshwater flooding over a number of weeks

Low salinity can be fatal and can inhibit feeding growth

and spawning In an extensive study by Loosanoff51 there

were no differences in salinity tolerance among oysters of

different ages including spat Oysterscould feed at levels

as low as 5 ppt if temperatures were cool but no feeding

was ever observed at 3 ppt or below The crystalline style

disappeared in oysters held in low salinities a sign that

feeding was not occurring but regeneration occurred

soon after the oysters were returned to normal salinities

Growth was limited or nonexistent at 5 ppt or less

retarded at 7 ppt and unaffected at 12 ppt and above

Salinities of 0 and 3 ppt totally inhibited gametogenesis in

Loosanoffs experiments51 At 5 ppt gametogenesis was

arrested in about 50 of an experimental sample and

depressed in the remainder of the sample At 10 ppt 12

ppt and 27 ppt control oysters were ripe with some
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starting to spawn I
f oysters were held in ambientconditionsand allowed to grow until the gonads beganenlargingabout three weeks before the normal onset ofspawningand were then placed in lower salinities 0 to 5 ppt

inhibited further gonad development Normalgametogenesisproceeded at 75 ppt and above with some

oysters spawning at 75 ppt and with more intensespawningin higher salinities Salinities of 75 ppt or above are

necessary for gametogensis and spawning to be even

moderately successful

Pumping rate method of assessment not stated by

Loosanoff51 was strongly affected by sharp reductions of

salinity from 27 ppt control but began to increasesomewhatafter additional exposure acclimation to the lower

salinities Rapid changes from low to high salinities had

little effect Oysters accustomed to living in lower salinities

were more tolerant of the effects of even lower salinity as

measured by shellclosing behavior or by pumpingbehaviorthan were oysters
used to living in higher

salinities51

Optimum salinity and the salinity range
for thedevelopment

of oyster eggs into straighthinge larvae is influenced

by the salinity experienced by the parents during

gametogenesis21 Thus adults acclimated at 260279 ppt

produced zygotes that developed over a salinity range of

12535 ppt with an optimal development at about 225

ppt Parents acclimated to about 9 ppt produced zygotes

that developed within a range of 75225 ppt with optimal

development between 100150 ppt Optimal larval

growth occurred at 175 ppt for larvae whose parents were

held at 260279 ppt Thus optimal salinity conditions for

larval development will differ with location in theChesapeakeBay

When Chanley15 placed recently set spat 0305 mm
long directly into salinities ranging from 25 ppt to full

salinity not specified at 2124°C 100 died within two

weeks at 25 ppt and 50 died at 5 ppt Growth at 75 and

100 ppt was slow compared to growth inhigher salinities

In a second experiment spat 1014 mm that were

transferred gradually to experimental conditions over a

week experienced poor growth at 100 and 125 ppt and

least growth at 75 and 50 ppt At 25 ppt only 19
survived compared with 66 at 5 ppt and 80100 at the

remaining salinities

Based on these studies1521s1 one can expect larvae to

grow well at about 125 ppt and higher whereas
spat

and

adults should grow slowly from about 7 to 12 ppt and

normallyfrom 1227 ppt

Responses of different life history stages
of

oysters to

salinity vary with temperature For example mortality in

oysters subjected to fresh water and low salinitiesincreases
as temperature increases51 Salinity also affects

temperature tolerance of oyster larvae22 At salinities from

100 to 275 ppt the optimum temperature for larval

growth was between 300 and 325°C but was 275°C at

75 ppt No welldefined optimum growth salinity was

delineated growth depended upon the experimental

temperature Reduced salinities reduced the temperature

range that eggs and larvae could tolerate for development

and growth

Managers should understand that there is a synergism

between temperature and salinity in relation to theireffectson oysters However temperature regulations in

Maryland seem adequate to protect oysters and nosalinity
regulations seem to be required

For older larvae 165 gm long from parents acclimated to

260270 ppt Davis found good growth between 125

and 175 ppt and in the controls 260270 ppt and

limited growth at 75 ppt 25 of control value Setting

was good between 125 and 175 ppt but nonexistent at

75 ppt No experiments were made with larvae from

parents held in low salinity conditions

Davis21 speculated that oyster populations in low salinity

areas < 10 ppt may depend on the influx and settlement

of nearly fullgrown larvae from higher salinity areas In

upper Chesapeake Bay Eastern Bay and the lowerChoptank
River are the northernmost regions with consistently

good spat settlement success Both these areas have

salinities generally above 10 ppt during the spatsettlement
period in contrast with the less saline Chester River

further up the Bay which is not usually selfsupporting in

terms of spat settlement Setting of oyster spat in the Bay

varies directly with the cumulative high salinity during the

spawning season in the central Bay97

Suspended Sediments
The eastern oyster is well adapted to withstand erratic

environmental increases in turbidity and sedimentation

resulting from the effects of wind currents runoff from

land etc68 Most studies of sediment effects on the eastern

oyster have involved sediment concentrations that are

higher than usually encountered in nature

Nelson69 found the oyster to be capable of feeding rapidly

in waters containing up to 04 g dry weight of suspended

matter per liter He described the efficient
gill

filtration

systemthat allows for this including the promyal chamber

which is characteristic of oviparous oysters genusCrassostreaand concluded that the
oyster at least from

turbid Delaware Bay is able to feed in the presence of

heavy loads of suspended sediment7172 Howeveroystersfromless turbid Long Island Sound are more sensitive

to high sediment concentrations5358

Loosanoff and Tommers58 provided quantitative estimates

of pumping rates by oysters from Long Island Sound in
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the presence of various concentrations of

turbiditycreatingsubstances Feeding was most efficient when the

water contained little suspended material Additional

studies reported by Loosanof53 showed that even for short

exposures 36 hours oysters demonstrated sensitivity to

a variety of particulate materials As particle concentration

increased the rate of water pumping dropped reaching

zero in high concentrations of suspended material Upon
return to clean sea water oysters exposed for longer

periods took longer to recover than oysters held in the

same sediment concentrations for shorter periods

Loosanoff53 assumed that the longer exposure period

resulted in tissue damage to the filtering apparatus

Oyster eggs and larvae can be killed by suspendedsediment23
Concentrations of 025 gL1 resulted in 27mortalitywith 69 mortalityat 05 gL1 and 97100 mortality

from 1 gL1 and above Davis and Hidu23 concludedtentativelythat larger particles were primarily responsible for

the mortalities Larvae were more tolerant of sediment

than were eggs A concentration of 05 gL1 of sediment

led to nearly 20 mortality in eastern oyster larvae after

12 days of exposure23 with 50 mortalitybetween 10 and

15 gU1 and 100 mortality at 3 gL1 Eastern oyster larvae

suffered reduction in growth in 075 gU1 of sediment and

growth stopped a
t 2 gL1 To place their results in an

environmental perspective Davis and Hidu23 noted that

eastern oyster larvae tolerated experimental turbidity

levels higher than those normallyencountered in nature

However they felt that excessive turbidity caused by

storms or activities such as dredging might be detrimental

to oysters

Dissolved Oxygen
Although limited experiments have been performed to

evaluate the effects of low dissolved oxygen on oysters

whether measured in terms of survival physiological

activity reproduction or spat settlement the eastern

oyster seems to be a tolerant species It is an oxygen

regulator down to a critical oxygen tension of about 30

mm Hg at 20°C and 28 ppt88 Below 30 mmHg it becomes

an oxygen conformer Louisiana oysters 3050 mmlong

starved for 3565 days remained resistant to anoxia with

their metabolic rate depressed to only 75 of thenormoxicrate95 Values of LT50 days of exposure to anoxia

causing 50 mortality for these oysters when held at

salinities of 10 20 and 30 ppt were 28 days at 10°C 1820

days at 20°C and 38 days a
t 30°C95 Compared with blue

crabs 2954 mm carapace width from the same region

oysters were much more resistent to hypoxia and anoxia

both in terms of metabolic rate and of mortality

Elsewhere oysters have survived for up to 5 days no

temperature data given in water containing less than 10

mgIJ1 oxygen91 Presumably they underwent anaerobic

metabolism during that time33 Median mortality times for

anoxiaexposed larvae are 11 hours for 82tm larvae and

150 hours for 16 mm spat99 Kennedy personalobservationsfound that larval swimming rates after 12 hours at

oxygen concentrations as low as 05 mgL1 were not

significantly different from rates at saturation levels of

oxygen Also oyster larvae avoided low oxygen water

exposure to about 1 mgL1 or less for one hour by

swimming upwards an action that would bring them

towards the surface where hypoxia is minimal

Because of larval avoidance of hypoxia and spat and

adult resistance to low dissolved oxygen concentrations

shortterm days intrusions of anoxic and hypoxic waters

over shallow <510 m oyster
beds are probably not

deleterious Should such intrusions kill less tolerantshellfoulingorganisms space would become available on the

oyster shell for settlement by larvae Regulations designed

to protect blue crabs from low dissolved oxygen would

serve to protect the oyster as well

pH
Estuaries are generally wellbuffered systems with pH in

unpolluted waters ranging from 68 to 925 depending

upon time of day and season Data on pH tolerances of

oysters are meager Oysters were found to spawn at pH
78 to 82 in Long Island Sound79 and not below pH 60

or above pH 1013 Pumping rate in adults was normal at

pH 44 but oysters at pH 425 remained open about 76
of the time and pumped about 90 less water than did

controls at pH 77557 At pH 675 and 700 oysters initially

pumped more than did the controls at 775 but the rate

gradually declined to become less than in the controls57

Respiration is also affected by pH at pH 65 oxygen

consumption was 50 of normal de==creasing to 10 at pH
5533

Normal embryonic development occurs a
t pH 675 to

87512 Survival of larvae was more than 68 in the range

of 625 to 875 with pH 600 being the lower limit for

survival Normal larval growth occurred from pH 675 to

875 with growth dropping rapidly below pH 675Abnormal
development of eggs and mortality of larvaeincreased
rapidly at pH 900 to 950 Calabrese and Davis

12

concluded that successful recruitment of oysters requires

a pH above 675 High concentrations of sediment lower

seawater pH below 675 to 640 Thus heavy sediment

loads or any pollutant lowering pH in tidal estuaries may
lead to failure of oyster recruitment

Structural Habitat

Substrate

Even with an efficient mechanism for tolerating the often

heavy sediment load in estuaries oysters can beoverwhelmedand buried by heavy sedimentation
72 with

death by suffocation resulting In general oysters survive

best on bottoms that are firmsuch as those of shell rock

and firm or sticky mud Sand bottoms are subject to

shifting activity resulting in abrasion and valve injury In
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addition shifting sand destroys young spat of the flat

oyster Ostrea edulis85 so presumably young eastern

oyster spat
would also be at risk in sandy environments

Oyster shell is the most suitable substrate for spatsettlementThe removal of whole oysters from the Bay and

their
transport to distant markets means that there is a

constant drain of this cultch from the Bay Alternatives

such as buried shell are in finite supply so if shellconservation

is not practiced or if replacement material is not

readily available future spat settlement will be hindered

Depth
In years past oysters were dredged from the deeper

waters of the Bay by sailboats but most beds now are

found in the shallows along the shore and in Bay
tributaries where sediments are firmer and where the

supply of dissolved oxygen is more reliable

Contaminants
Overview
An extensive and hardtomanage literature exists on

toxicants pollutants pesticides etc It cannot readily be

condensed for easy comprehension Contaminantsaffecting
oysters in Chesapeake Bay include heavy metals

pesticides PCB PAH chlorineproduced oxidants and

petroleum hydrocarbons636 Selected information has

been compiled previously41446 and a comparative

toxicology of marine organisms is available7781Informationon biological effects and body burdens of selected

pollutants in the eastern oyster is summarized in Tables 2
3 and 4

It is difficult to generalize about the oysters sensitivity

either to classes of contaminants or relative to other

species However adult and juvenile oysters appear to be

somewhat more tolerant of most environmental toxicants

than embryos and larvae and more tolerant than some

other estuarine species

SPECIAL PROBLEMS

Overfishine
For the past century management of the Bays oyster

industry has been influenced predominantly by political

concerns rather than by scientific information43 The

result has been a steadily decreasing harvest degraded

oyster grounds and a diminished industry It is not clear

if the brood stock of the Bay has been depleted to the

point that recruitment has been influenced negatively but

it may be significant that spat settlement has been poor

during recent years when salinities have been low enough

to inhibit disease organisms yet high enough to allow for

normal reproduction Many oyster beds are in danger of

being smothered by sediments because they have been

scraped so much that they barely project above thesurroundingsoft sediment Siltcovered shells are notattractive
to settling larvae

Diseases
MidAtlantic Bight populations of oysters are subject to the

diseases known as MSX SSO and dermo33292Exceptfor the more marine SSO which does not occur in the

Chesapeake Bay these diseases have heavily depleted

Bay oyster populations over the past 40 years In addition

to causing mortality MSX inhibits growth andgametogenesisin spring However temperatureassociated

remission of infection may occur in summer and allow for

gametogenesis and spawning to proceed31 Similar results

have been obtained for Louisiana populations infected by

dermo62 Of the two diseases MSX is inhibited by salinity

salinities below about 1015 ppt and above 3032 ppt are

associated with decreased parasite activity of MSX35

Dermo seems to be more tolerant of low salinity6l75 than

MSX One of the most pressing problems facing resource

managers is that of understanding and combating these

two disease organisms

Judging from the diverse and inconsistent body of studies

summarized in the Tables the substances of most concern

for toxicity to adult oysters in chronic exposures appear

to be tributyltin TBT a few heavy metals and petroleum

hydrocarbons Chlorinated pesticides and PCB Arochlor

1016 caused acute mortality or sublethal effectsinjuvenile
oysters at relatively low concentrations 10 ggL1

Embryos were quite sensitive to mercury and silver

showed moderate sensitivity to copper and zinc and were

relatively insensitive to other metals and most of the

pesticides tested For the few substances tested larval

sensitivities were similar to those of embryos

Interpretation oftoxicity tests

ReischS° reviewed the use of laboratory tests for marine

organisms Acute toxicity tests typically measure theconcentrationsof a particular contaminant at which 50 of

the test subjects die over a given period of time usually

48 or 96 hours This concentration is the LC50 for the

substance Chronic toxicity tests measure the effects of

sublethal concentration on one or more attributes such

as survival growth rate or developmental abnormalities

Problems in the standardization of these tests often limit

their comparative value Also laboratory studies do not

simulate field conditions very well so that a contaminants

actual effect is likely to be different fromwhat the bioassay

predicts However shortterm toxicity tests can be avaluable
diagnostic tool for ranking toxicants

80

Heavy metals and trace elements
The physiological aspects of heavy metal contamination

in oysters have been summarized in the literature2029

Empirical data indicate wide variability in the toxicity of

different metals to C virginica embryos Table 2 The

relative toxicity of several metals is mercury = silver >

copper > zinc > nickel > lead > cadmium > arsenic >
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chromium > manganese Similar comparisons for larval or

attached life stages cannot be made due to lack of data

except that mercury silver copper and cadmium show

acute toxicity to adults or larvae at relatively lowconcentrations
Comparisons between life

stages reveal that

embryos tend to be more susceptible than larvae for those

metals which were tested on both life stages Comparison

between embryos or larvae and attached
stages is not

possible because acute assays were used for embryos and

larvae whereas chronic tests were used for attached

oysters

Body burdens of heavy metals for oysters collected from

Chesapeake Bay Table 3 suggest that some metals eg
zinc are accumulated out of proportion to theirenvironmental

concentrations A few additional references are

available for metal contamination in oysters from the

Bay72736

Pesticides

Kerr and Vass46 summarized information on theaccumulationof pesticide residues in aquatic invertebrates

a comprehensive treatment of the general toxicology of

pesticides was given by Matsumura65 Differences in

biological effects and toxicological endpoints measured

preclude effective comparison of the relative toxicity of

different pesticides Table 2 However acute toxicity

data suggest that C virginica is less sensitive to herbicides

than to insecticides An extensive list of acute toxicity of

pesticides on various life stages of oysters can be found

in Table 4

Polychlorinated biphenyls PCB and

polynuclear aromatic hydrocarbons PAH
Information is available on contamination of oysters and

other shellfish in limited areas of Chesapeake Bay by the

environmentally very persistent and ubiquitous PCB and

PAH which are both toxic and mutagenic56283678 Table

3 Several PCB along with other selected contaminants

are monitored in oyster tissue at a few sites in the Bay by

the National Oceanic and Atmospheric Administrations

National Status and Trends Program generally shellfish

body burdens in Chesapeake Bay tend to be lower than

in several other contaminated US estuaries
25

Chlorine and chlorine produced oxidants
These compounds CPO are produced by reactions of

chlorine used for disinfection of water supplies andwastewatereffluents with various compounds in the source

water Growth and mortality of adult oysters chronic

effects on spat and larval responses have been measured

at various concentrations of CPO828486 High mortality of

juvenile oysters was observed in chronic exposures to a

fairly low concentration of sodium hypochlorite Table 2

Petroleum
Petroleum hydrocarbons especially the more refined

products and contaminated waste oils are very toxic to at

least some bivalves see HARD CLAM this volume Low

concentrations of petroleum were lethal to adult
oysters

in chronic exposures and to larvae in acute tests Table

2 Additional information on oil pollution in marineenvironmentsand the effects of oil on estuarine organisms

including oysters is available in the literature49

RECOMMENDATIONS

The eastern oyster is a highly resilient species that appears

to be reasonably protected in Maryland by laws governing

thermal discharge effluent dechlorination use oftributlytinand dredging It may be at risk in areas nearindustrial
pollution and laws establishing limits of pollution

discharge in relation to oystersmay be needed Petroleum

spills chronic discharges of petroleum wastes and diffuse

low level loadings of some very toxic heavy metals eg
mercury are possible but undocumented threats tooysterseither locally or generally in Chesapeake Bay But

because it is not mobile for most of its life the oysters

metabolic activity is such that regulations protecting more

active species eg blue crabs and striped bass for the

most part will protect the oyster Perhaps the mostpressingconcerns involve improving our understanding of key

aspects of the species life history especially disease

rehabilitating depleted oyster grounds the basing of

oyster management on scientific insight rather than on

political pressure and encouraging aquaculture

Research
In their extensive review of the biology of the eastern

oyster Kennedy and Breisch44 posed dozens of questions

on biology and management that needed answersUnfortunatelymost of these questions remain unanswered and

it is difficult to manage what is not well understood

Particularly needed is a more thorough understanding of

five major areas of oyster biology namely larval biology

feeding and nutrition of all life history stages genetics

disease and the effects of pollutants It is important that

studies of disease and of genetics be pursued in order to

counter the incidence of MSX and dermo in the Bay
especially if oyster farming is to be encouraged

Improved management and rehabilitation of the
oyster

fishery requires thorough study of three components of

oyster habitat Here are some of the questions that need

to be answered in each area

Brood stock

What is the abundance of natural brood stock nowavailable
in different areas of the Bay Has brood stock

declined as a result of mortality due to recent disease

epizootics Is there an optimal brood stock concentration

that ensures adequate spawning and is population age

38



EASTERN OYSTER

distribution a factor in determining this optimalconcentrationie does one age group contribute more

gametes than another
age group

Seed and cultch supply

How much cultch is now available in the Bay and how

much is optimal What are the best concentrations on

different bottom types or in different locations Can any

area of the Bay with a favorable current system and

flushing rate be made into a good seed area given suitable

firm bottom and adequate cultch for settlement

Growing and setting areas
The best areas still available for settlement and growth

need to be determined and protected from loss of cultch

and from pollution It is not clear why some areas are

historically conducive to setting are they larvae traps
but are not suitable for rapid growth and fattening and

vice versa but the reasons must be clearly understood in

order to utilize different areas effectively

Management
As noted earlier overfishing and now disease has

reduced oyster populations to such a level that there are

no more reefs Rather small mounds or relatively thin

layers of shell are scattered over Bay bottom withunproductivebeds often becoming silted over The supply

of seed oysters is a limiting and critical factor inrehabilitationand management Those areas of the Bay consistently

producing adequate quantities of seed should be

protected and expanded A private oyster farmingindustrywould encourage growth of a seed industry as it

has elsewhere in North America Fresh shell should not

be exported or used for anything other than as cultch for

replenishment of the bottom because fossil shell used in

Marylands repletion program is a finite resource

The present practice in Maryland of prohibiting dredging

near oyster beds during the summer larval period helps

protect oysters fromexcessive turbidity as does the effort

to prevent sediment from running off cleared landBagless
dredging or the use of special boards towed justabove

the bottom can help to remove sediment from depleted

oyster beds in the Bay These techniques can reduce the

potential for smothering spat and can clear substrate for

settlement in summer

Oyster beds must be reestablished in formerlyproductive

locations by building up a base of firm substrate into the

water column and covering that base with oyster shell

and broodstock Recent incidences of anoxia and severe

hypoxia mean that attempts should not be made to

rehabilitate oyster beds in deep water below about 10 m
but rather should concentrate in the shallows where low

dissolved oxygen is relatively rare or shortlived Also

offbottom culture should be undertaken

Because these immense tasks will have to besupplemented
by private enterprise rather than being left to

public agencies oyster farming should be encouraged

Aquaculture will enable the private sector to distribute the

tasks of cleaning shelling and harvesting the beds among
numerous individuals and entities rather than leaving

those tasks to public agencies and a heavily subsidized

industry
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Table 1 Habitat requirements for eastern oyster eggs larvae spat and adults The critical life period is the larval

period JuneAugust Many ranges are broad estimates even those based on laboratoryderived

determinations and may vary with geographic location

Life Life Temperatures Salinity8 Sedimentb Dissolved

stage zone °C ppt 9L pH oxygen

mgLa

Eggs water 1932 12535c <025 675875
column 75225d

Larvae water 1932 125270° <05 675875 e

column

Spat hard 032+ 1502251
substrate

benthos

Young benthos < 0 at 100Ch

3050 mm 08149 at 20°Ch

275498 at 300Ch

Adults benthos

survival 032+ 036+
1 5 days

feeding 632
1525

optimum

growth 632
1525 12+

optimum

gametogenesis 10+ 7530+

spawning 20± 10+

<04

610

aSalinity can affect temperature tolerances and vice versa Tolerance to temperature is roughly adult = spat > veliger larvae > zygotes
b

Effects depend upon type and size of particle experimental values have been higher than values normallyencountered in nature except during
intense storms

cAdults acclimated to 260279 ppt optimal egg development at 225 ppt and optimal larval growth at 175 ppt
dAdults acclimated to 9 ppt optimal egg development at 1015 ppt

eMedian mortality times

in anoxia 11 hours for 82 pm larvae larval swimming rates unaffected at 05 mgL1 for up to 12 hours
f

Spat had been set at near marine salinities

9Median mortality times in anoxia 150 hours for 16 mm spat

hLC5oP02 mgL1 causing 50 mortality after 28 days of exposure at 10 20 and 30°C with oysters held at 10 ppt 20 ppt and 30 ppt at each
temperature
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Table 2 Toxicity o
f selected compounds to the eastern oyster Life stages E = embryos L = larvae J = juveniles

A = adults Flow conditions S = static F = flowthrough Effect M = percent mortality G = percent

reduction in shell growth

Compound Life stage Temperature Salinity Flow Duration Effect Concentration Strength Reference

°C ppt mgL1 of effect

METAL SALTS

cadmium chloride E 26 25 S 48 h LC50 380 11

A 20 31 F 20 wk M 010 84 89

chromium chloride E 26 25 48 h LC50 103 11

A 20 31 F 20 wk M 010 14 89

cupric chloride E 26 25 S 48 h LC5o 0103 11

L 25 24 S 48 h LC50 0046 14

A 20 31 F 20 wk M 0050 15 89

lead nitrate E 26 25 S 48 h LC5o 245 11

manganese chloride E 26 25 S 48 h LC50 160 11

mercuric chloride E 26 25 S 48 h LC50 0006 11

L 25 24 S 48 h LC5o 0012 14

A 2535 F 74 d M 0001 <10 47

nickel chloride E 26 25 S 48 h LC50 118 11

L 25 24 S 48 h LC50 121 14

silver nitrate E 26 25 S 48 h LC5o 0006 11

L 25 24 S 48 h LC50 0028 14

sodium arsenate E 26 25 S 48 h LC50 750 11

zinc chloride E 26 25 S 48 h LC50 031 11

E 25 26 S 48 h M 0200 122 60

PESTICIDES

atrazine L 20 16 S 48 h LC5o >30 98

abate A 21 2030 S 99 d M 10 0 96

chlordane J F 24 h G 001 35100a 10

cypermethrin J 96 h EC5o 0370 41

dibrom A 21 2030 S 99 d M 0 96

dieldrin E 24 30 S 48 h LC50 064 24

J 17 31 F G 50a 76

endrin E 24 30 S 48 h LC5o 079 24

A 23 16 S 109 h M 005 50 64

24D E 24 30 S 48 h LC50 800 24

heptachlor J F 24 h G 001 35100a 10

kepone L 96 h LC50 0066 34

Kepone J 96 h LC50 0012 9

toxaphene A 28 23 F 96 h EC50 0016 83

TBT tributyl tin A 2528 35 F 30 d M 00025 50 38

PCBs

arochlor 1016 30 29 LC50 0010 34

CHLORINE CPOs
sodium hypochlorite 2133 2235 F 12 wk M 025 66 86

PETROLEUM

Nigerian crude oil A 25 avg 21 avg F 14 wk M 050 45 63

L 225 21 S 48h LC50 17 90

No 2 fuel oil A 1325 21 avg F B wk M 050 85 63

aReduction in shell growth
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Table 3 Representative residues body burdens of selected contaminants in eastern oysters All residues are

on a wet tissue weight basis ND = no data

Substance Mean Residue Range Remarks

TRACE ELEMENTS mg kg

means of 6 sites in

Chesapeake Bay87

aluminum 314 161531
arsenic 106 65167
cadmium 462 18104
chromium 03 0109

copper 137 318340
iron 194 170224

lead 028 017034

mercury 55 001151

manganese 83 6891
nickel 40 1666
selenium 29 1838
silver 29 0469
tin 011 002026
zinc 3513 11205480

PESTICIDES46 µg kg
DDT total 60 <30710

15 <1030

51 ND150
aldrin 3 ND30

<10 <1030
BHClindane 4 ND10

10 <10500

camphechlor 80 <101000

chlordane <10 <1010

dieldrin 4 ND10
10 <1030

endrin 5 ND20

heptachlor 1 ND<10
<10 ND

heptachlor epoxide <10 ND

methoxychlor <10 ND

PAH mg kg
Elizabeth River Va6

total PAH 60 max 1550

PCB mg kg1

Maryland shellfish

survey 197928

PCB 1254 002 mean 0007

3 sites

median 25 y 6 states

mean 2 sites Canada

representative estimate 8 sites Texas

mean 10 samples

median 25 y 6 states

representative estimate 10 samples

median 25 y 6 states

median 25 y 6 states

median 25 y 6 states

representative estimate 10 samples

median 25 y 6 states

median 1 y 2 sites

representative estimate 10 samples

median 25 y 6 states

median 25 y 6 states

median 25 y 6 states

17 km transect
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Table 4 Acute toxicity EC50 of pesticides and other chemicals to the eastern oyster66 Flow S = static F =

flowthrough Life stage E = embryos L = larvae J = juvenile A = adult Measured concentrations are

indicated by All other concentrations are nominal

Compound Use Life stage Temperature Salinity Duration Flow Concentration 95 Confidence

°C ppt h pgL1 Interval

acephate insecticide E 25 20 48 S 150000 800300000

acroleia herbicide J 21 30 96 F 55

acrylamide polymer L 20 20 48 S >100000

aldicarb insecticide E 25 20 48 S 8800 140056000

aldrin insecticide J 30 27 96 F 15

aminocarb insecticide J 27 27 96 F >1000

amobam fungicide J 23 26 96 F >1000

anilazine fungicide J 10 24 96 F 40

antimycin A piscicide J 26 28 96 F 62

arochlor 1016 industrial PCB A 28 28 96 F 10

arsenic trioxide rodenticide J 15 22 96 F >1000

aspon insecticide J 23 28 48 F 32

atrazine herbicide J 28 28 96 F >1000

azinphosmethyl insecticide J 29 28 96 F >1000

bensulide herbicide A 24 15 96 F 450

benzene

hexachloride insecticide J 27 27 96 F 190

bromacil herbicide J 23 25 96 F >1000

bromopropylate acaracide J 14 30 96 F 150

butylbenzyl

phthalate industrial L 20 20 48 S 780 5601000

cacodylic acid herbicide J 19 28 90 F >1000

calcium arsenate insecticide

herbicide J 13 31 96 F >1000

captafol fungicide J 20 26 96 F 34

carbaryl insecticide J 29 27 96 F >2000

carbofuran insecticide

nematicide

miticide J 30 29 96 F >1000

carbophenothion insecticide

acaracide E 20 20 48 S 99 96102

chlordane insecticide J 29 27 96 F 10

chlordecone insecticide A 20 21 48 S 66 6074

chlorobenzilate acaricide J 28 25 96 F 180

chioropropylate acaricide J 19 26 96 F 280

chlorothalonil fungicide J 29 27 96 F 26

chioropyrifos insecticide E 25 20 48 S 2000 15002800

clonitralide molluscicide J 11 22 96 F >1000

coumaphos insecticide J 9 21 96 F 290

J 30 23 96 F 880

creosote wood preservative A 21 21 96 F 710 4101000

crotoxyphos insecticide J 10 28 96 F 1000

J 28 28 96 F >1000

24D
butoxyethanol

ester herbicide J 18 29 96 F 2600

A 18 29 96 F 3800

24D isooctyl

esterEPTC herbicide A 29 25 96 F 1000

24D propylene

glycol ether

ester herbicide A 28 25 96 F 55

dalapon sodium

salt herbicide J 31 28 96 F >1000

DCPA herbicide J 27 30 96 F 620

DDD insecticide J 20 30 96 F 25

DDE DDT residue J 12 25 96 F 14

DDT insecticide J 30 23 96 F 9
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Compound Use Life stage Temperature Salinity Duration Flow Concentration 95 Confidence

°C ppt h 1191
1

Interval

DEF herbicide E 25 20 48 S 700

J 10 27 96 F 100

J 27 27 96 F 200

demeton insecticide

acaricide J 24 13 96 F >2000

diamidfos nematicide J 19 22 96 F >1000

diazinon insecticide

nematicide J 25 28 96 F >1000

dicamba herbicide J 28 28 86 F >1000

dichiobenil herbicide J 24 24 96 F 2500
dicholfluanid fungicide J 29 25 96 F 35

dichlorvos insecticide J 30 25 96 F >1000

dicofol acaricide J 24 25 96 F 21

dicrotophos insecticide J 29 28 96 F >1000
dieldrin insecticide J 22 25 96 F 15

A 17 31 96 f 31 662

diquat herbicide J 20 29 96 F 720

dithianon fungicide J 28 32 96 F 90
diuron herbicide J 22 25 96 F 1800

DMSA herbicide J 15 29 96 F >1000
endosulfan insecticide L 20 20 48 S 460

endothall

aquathol plus herbicide J 26 28 96 F >1000

endrin insecticide J 24 22 96 F 33

J 12 21 96 F 400

A 22 29 96 F 14 4050
EPN acaricide

insecticide E 25 20 48 S 2200

J 21 29 96 F 130
EPTC herbicide J 29 29 96 F >5000

ethion insecticide

acaricide J 10 29 96 F 46

J 30 23 96 F 40

ethoprop nematicide E 25 20 48 S 16000 700038000

ethylan insecticide J 16 28 48 F 120
fenac sodium salt herbicide J 13 23 96 F >1000

J 29 29 96 F >1000

fenamiphos nematicide J 11 29 96 F >1000

fenitrothion insecticide J 27 29 96 F 450
fenthion insecticide J 22 16 96 F 360

J 15 23 96 F 340
fenuron herbicide J 22 26 96 F >2000

fenvalerate insecticide E 20 20 48 S >1000
ferbam fungicide J 25 27 96 F 52

fonofos insecticide J 25 20 96 F 330

heptachlor

technical 74 insecticide J 12 21 96 F 21

J 29 23 96 F 17

heptachlor

technical 89 insecticide A 31 36 96 F 15

hexachlorobenzene

fungicide

industrial L 20 20 48 S >1000

isobenzan insecticide J 18 33 96 F 32
landrin insecticide J 26 30 96 F >1000

lethane 384 insecticide J 26 30 96 F 760
lindane insecticide J 30 25 96 F 240

malathion insecticide J 30 24 96 F >1000

J 16 14 96 F >1000
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Compound Use Life stage Temperature Salinity Duration Flow Concentration 95 Confidence

°C ppt h NgL1 Interval

maneb fungicide J 13 16 96 F >1000

metamsodium fungicide

nematicide J 15 30 96 F >1000

methidathion insecticide J 13 22 96 F >1000

acaricide J 29 25 96 F >1000

methiocarb insecticide J 23 28 96 F >1000

methoxychlor insecticide J 19 21 96 F 90

methyl parathion insecticide E 25 20 48 S 12000 1000160000

J 24 29 96 F >800

methyl trithion insecticide

acaricide J 30 25 96 F 140

mevinphos insecticide

acaricide J 22 30 96 F >1000

mexacarbate insecticide

acaricide J 24 26 96 F >1000

mirex insecticide J 25 17 96 F >2000

molinate herbicide J 24 28 86 F >1000

monuron herbicide J 22 25 96 F 2000

naled insecticide

acaricide J 30 27 96 F 590

neburon herbicide J 21 28 96 F 280

niacideZ fungicide J 21 28 96 F 280

nitrapyrin
nitrification

inhibitor J 10 29 96 F 280

paraquat L herbicide J 20 26 96 F >1000

parathion insecticide J 24 31 96 F >1000

pentachlorophenol

wood preservative

defoliant

molluscicide L 20 20 48 S >180

pentachloroE 25 17 96 S 40 3644

phenol sodium salt A 8 20 96 F 76 37120

permethrin insecticide E 25 20 48 S >1000

phenol disinfectant

industrial J 20 30 96 F >2000

phorate insecticide E 25 20 48 S 900

phosmet insecticide J 30 27 96 F >1000

phosphamidon insecticide J 25 25 96 F >1000

phoxim insecticide J 30 29 96 F 320

prometrin herbicide J 27 31 96 F >1000

propoxur insecticide J 25 27 96 F >1000

Ronne insecticide J 24 24 96 F 270

rotenone insecticide

piscicide J 30 29 96 F 220

silver nitrate industrial L 20 20 48 S 33 2454
sodium lauryl

sulfate detergent E 20 25 48 S 1700 16002000

sulphenone acaricide J 18 20 96 F 1200

245T herbicide J 16 20 96 F >2000

245T propylene

glycol butyl

ether ester herbicide A 13 25 96 F 140

TCA sodium salt herbicide J 13 23 96 F >1000

temephos insecticide J 24 27 96 F 220

temephos EC insecticide J 14 26 96 F 320

J 26 29 96 F 170

terbutryn herbicide J 14 29 96 F >1000

terpene

polychlorinates
insecticide J 25 29 96 F 35

tetravinchlorphos insecticide J 17 24 96 F >1000

tetradifon acaricide J 27 27 96 F 310

tetrasul acaricide J 22 25 96 F 94

thanite insecticide J 11 25 96 F 25
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Compound Use Life stage Temperature Salinity Duration Flow Concentration 95 Confidence

°C ppt h NgL1 Interval

toxaphene insecticide J 31 24 96 F 34

A 28 23 96 F 16

trichlorofon insecticide J 30 22 96 F >1000

trichloronate insecticide J 28 28 96 F 46

triphenyltin fungicide J 29 28 96 F 15

hydroxide J 16 28 96 F 24

vernolate herbicide J 29 28 96 F >1000

ziram fungicide J 15 22 96 F 1000

zytron insecticide J 27 24 96 F 330
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Mya arenaria

Patrick K Baker and Roger Mann

School of Marine Science

Virginia Institute of Marine Science

Gloucester Point Virginia

L
arge populations of soft shell clams persist only inrelativelyshallow sandy mesohaline portions of theChesapeakeBay These areas are mostly in Maryland but also

occur in the Rappahannock River Virginia In some other

portions of the Bay especially polyhaline portions lowpopulationsof soft shell clams persist subtidally Restrictedpopulations
persist intertidally

Soft shell clams grow rapidly in the Chesapeake Bay reaching commercial size in two years or less They

reproduce twice per year in spring and fall but probably only fall spawnings are important in maintaining

population levels Major recruitment events do not occur in most years despite heavy annual sets Soft shell

clams are important food for many predators Major predators on juveniles include blue crabs mud crabs

flatworms mummichogs and spot Major predators on adults include blue crabs eels and cownose rays

Some other species that may depend heavily on soft shell clams include ducks geese swans muskrats and

raccoons

Diseases may play an important role in regulating adult populations of soft shell clams hydrocarbon

pollution is linked to increased frequency of disease Oil pollution does the most widespread and persistent

damage to soft shell clams through toxicity aside from its role in inducing disease Heavy metals pesticides

and similar pollutants can be extremely toxic but the harmful effects to clams do not last if the pollution
abates The main concern with the latter toxicants is bioaccumulation by soft shell clams with the potential

for passing toxic contaminants on to predators or to humans

Siltation caused by storm events dredging operations or erosion can smother clam populationsEutrophicationenhanced by nutrient inputs from sewage or agriculture is not known to have affected soft shell

clam populations

INTRODUCTION 1400000 kg in 1988 There has been no significantharvest
of soft shell clams in Virginia since 1968

Population levels of harvestable soft shell clams have

declined since exploitation began in 1953 the first year of

major harvesting of Maryland soft shell clam stocksHarvests
climbed to 3700000 kg in 1964 and remained stable

until 1971 Harvests in Virginia began in 1955 reached a

peak of 180000 kg in 1966 but ceased in 1968 Tropical

storm Agnes in 1972 was responsible for poor harvests in

Maryland in the early 1970s54 but stocks had apparently

collapsed in Virginia prior to the storm In 1973 harvests

in Maryland were only 300000 kg but rebounded to

Soft shell clams are major components of the filter feeding

benthic infauna of the mesohaline portion of the Bay

consuming microscopic algae which they filter fromwater

drawn into their incurrent siphons There is evidence that

soft shell clams are very important in removing particles

from the water even as small juveniles A density of 3000

juveniles averaging 25 mm long in an area of 1 m2 can

filter one 1 m3 of water per day while 1500 juveniles 5

mm long in the same area can filter 25 m3 per day
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Filtering capability increases exponentially with shell

length

The abundance of soft shell clams in the Bay underscores

their importance as members of the benthic infauna yet

their variability in abundance with resulting impact on

the commercial fishery suggests a role as indicatorspeciesof temporal and spatial change in the BayenvironmentBelow is a brief introduction to the biology of the

soft shell clam followed by a discussion of the species

habitat requirements

BACKGROUND

Geographical Range
The soft shell clam also is known as the steamer clam or

the mannose It is found in marine and estuarine waters

intertidally and subtidally to depths of nearly 200 m along

the Atlantic coast of North America from northern

Labrador to Florida with maximum abundances from

Maine to Virginia95°165 It also is found throughout Europe

from northern Norway to the Black Sea6o95 and has been

successfully introduced to the west coast of North America

from southern Alaska to southern California54

Identification Aids
The soft shell clam rarely exceeds 11 cm in shell length in

Chesapeake Bay4 and is elongate and oval in outline The

shells gape at both ends when closed and in life the foot

and the siphons protrude from either end The fused

siphons or neck are covered with a leatheryintegumentThe shell is relatively brittle hence the name soft

shell clam and in life is at least partially covered with a

thin grey or tan parchmentlike periostracum whereas

dead shells quickly become bleached chalkwhite Inside

the lefthand shell there is a spoonlike chondrophore

attached to the hinge

Distribution Population Status and
Trends
The distribution of soft shell clams in Chesapeake Bay is

restricted by several variables particularly salinitysediment
type anoxia and predation Low salinity limits the

upstream distribution in most of the major tributaries Hog
Island in the James River Tappahannock in theRappahannockRiver Mathias Point in the Potomac River and

the Patapsco River in the mainstem Bay Sediment type

does not affect survival directly but predators virtually

eradicate soft shell clams of all sizes in soft mud so only

sandy areas contain significant amounts of clams135 Soft

sediments predominate in deeper water water depth

therefore correlates imperfectly with soft shell clamdistribution
Seasonal anoxia is normally restricted to deep waters89164

which do not support soft shell clam populations but

periodic seiching events or tilting of the density

gradient can temporarily inundate shallower areas with

anoxic water 170 There is no physiological reason why soft

shell clams cannot survive in deep water and individuals

have been collected in Chesapeake Bay from as deep as

15 m127 But populations persist mainly in shallow areas

of the Bay particulary in areas of less than 5 m The

reported persistence in shallow water may be a sampling

artifact since most sampling for adults has been done in

less than 5 m69135 however the distribution of soft shell

clams is consistent with the general distribution of coarse

sediments

Although soft shell clams survive well in high salinity

indirect factors limit sustained high population levels to

mesohaline portions of Chesapeake Bay High salinity

allows many predators to be active for more of the year

In shallow and mesohaline
portions

of the Bay clams

have more time to grow to a size that limits predation

Predation pressure
therefore places an effective upper

salinity limit on soft shell clam distribution

In Chesapeake Bay optimal areas for soft shell clams are

found on the Eastern Shore from Pocomoke Sound to

Eastern Bay and on the western side fromtheRappahannock
River to the Severn River in Maryland The northward

deflection of this distribution on the Eastern Shore may
be due to higher salinities on that side of the Bay Ideal

conditions may exist in small areas in other portions of the

Bay also and low population densities exist throughout

most of the Bay We have chosen the relatively arbitrary

level of one adult soft shell clam per
m2 as a definition of

high abundance throughout most of Chesapeake Bay

abundance is much lower Juvenile abundance maygreatlyexceed 1 m2 temporarily in almost any part
of the Bay

Potential distribution averaged for a variety of conditions

is shown in the Map Appendix

Multiyear trends in salinity temperature and anoxia may

temporarily expand or contract this range Withinyear

variations allow juveniles to settle in outlying areas but

these populations rarely survive more than a year33147

Juveniles often set in high abundances in areas with low

adult abundance but are virtually eradicated within

months 697677176
In addition episodic events such as high

summer temperatures high predator abundances or low

salinity can eradicate adults in small areas126 or large

areas3171 These areas can be recolonized quickly when

conditions once again become favorable65 but sincebivalve
larvae tend to be retained within their native

subestuaries105149severely affected subestuaries wouldprobably
take longer to recover

Although soft shell clams reproduce twice in most years

juveniles that recruit in spring rarely survive because of

predation pressure regardless of the magnitude ofrecruitment77176Only clams spawned in the fall and therefore

able to grow in cold water when predators are inactive
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survive to a size large enough to avoid most predatorsv1

Even then major recruitment events may occur only every

ten to fifteen years70 Based upon our observations severe

temperature
shifts can eliminate large numbers of recent

recruits to intertidal populations in a short period There

is evidence that large amounts of drifting macroalgae can

inhibit settlement of soft shell clams125 Attachedmacrophyteseg submerged aquatic vegetation on the other

hand enhance settlement by slowing currents81Recruitment
events within different subestuaries are likely to be

independent because bivalve larvae tend to be retained

within subestuaries105149

In lower regions of Chesapeake Bay soft shell clampopulations
are less abundant except in intertidal areas The

intertidal region may have greater than 20 adults m2 while

subtidal areas have virtually no adults102 ourobservationsThis distribution probably is due to the coarse

intertidal sediments and the limited time that clams are

exposed to predators
111145

I
f spawning success isaffected

by the density of adults128 these intertidalpopulationsare probably vital to maintaining recruitment of

juveniles subtidally

Population levels of harvestable soft shell clams have

declined since exploitation began in 1953173174 but the

reasons are unclear In 1950 the hydraulic escalatorharvesterwas invented and in 1953 major harvesting of

Maryland soft shell clam stocks began Prior to 1953 the

maximum harvest had been 730 kg meat in 1949108 but

harvests rapidly climbed to a maximum of 3700000 kg in

1964 and remained nearly stable until 1971173174Harvests
in Virginia began in 1955 and were much more

irregular reaching a peak of 180000 kg in 1966 but

ceasing in 1968 Extreme mortality of adult soft shell clams

in parts of Chesapeake Bay caused by tropical storm

Agnes in 1972 was responsible for poor harvests inMaryland
in the early 1970s154 but stocks had apparently

collapsed in Virginia prior to the storm In 1973 harvests

in Maryland were only 300000 kg but rebounded to

1400000 kg in 1988 There has been no significantharvest
of soft shell clams in Virginia since 1968 All evidence

in Virginia which has limited soft clam populations in

most areas suggests that large settlements of juveniles can

be produced by small populations of adults3233343569

Soft shell clams also appear to be resistant to domestic

sewage and low levels of industrial pollution
37899 So little

is known about fisheries dynamics that we cannot saythat

there are not natural population trends on the scale of

decades` Since virtually every exploited fishery stock

for which data has been kept has shown a significant

overall decline
144

the possibility exists that declines in soft

shell clam populations in Chesapeake Bay may bepartiallydue to exploitation

SOFT SHELL CLAM

LIFE HISTORY

Spawning and Fecundity
Soft shell clams usually spawn twice per year inChesapeakeBay once in mid to late autumn and once in late

spring The actual times depend on the temperature of the

water because the clams can spawn only in waterbetween1020°C and spawn most efficiently at1215°C102133
Optimal temperatures occur only for a few

weeks each year and if the length of time that these

conditions exist is too short the clams may not spawn at

all This situation happens most often in spring
102150151

During spawning both eggs and sperm are releasedexternally

It has been found that the success rate of external

fertilization for other benthic invertebrates decreases

sharply with both sperm dilution and sperm age Both of

these factors increased with the distance betweenspawningadults so higher densities of adults led to higher

fertilization success128 Assuming that this principle holds

true for soft shell clams it means that areas with high adult

population density contribute disproportionately to the

production of larvae

Sexes are separate in soft shell clams with equal numbers

of males and females171°2 although Appeldoorns found

a slight but significant bias towards females in Long Island

Sound Fecundity or the number of eggs produced per

female increases exponentially with female size17 A clam

with a shell 3 cm long can produce only about 1300 eggs

per spawning episode whereas a 5 cm clam can produce

9300 eggs and a 10 cm clam 85100 eggs Larger clams

therefore are disproportionately important inmaintaining
population levels

Eggs and Larval Development
Egg size varies from about 42 to 73 gm in diameter 17101

An egg develops into a trochophore larva within a day
and becomes a veliger larva in several more days The

veliger metamorphoses into a juvenile clam at about200300gm in shell length°1119 in about one to three weeks

depending partly on temperature
102163

During their larval

phase bivalve larvae are planktonic swimming just

strongly enough to maintain themselves at some level of

the water column When the larvae are ready tometamorphosethey alternately swim near the bottom and crawl

on the bottom for several hours before settling101Gregarioussettlement has been reported73 The newly settled

clams or spat usually attach themselves to any available

substrate with byssal threads secreted by the foot°

Juveniles Growth and Adults

Although adult soft shell clams are completely sedentary

small juveniles up to about 15 mmlong can be very active

I
f hard substrate such as shell worm tubes eelgrass or

coarse sand is available they will attach themselves to it

with byssal threads These threads are often released
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while the young clam crawls about with its foot It also

may burrow temporarily during this period of itsdevelopment101157
Eventually the clam burrows permanently

and unless disturbed spends the rest of its life in place

Clams can be disturbed and redistributed by strong tidal

or storm events The depth of the burrow increases with

age so that the top of the shell can be 2 cm below the

surface when shell length is only 1 cm 4 cm deep at a size

of 2 cm and 12 cm deep at 4 cm187

Growth of soft shell clams
in Chesapeake Bay is relatively

rapid Under average conditions they can reach the

marketable size of 5 cm shell length in 152 years
64107

Growth rate depends on many factors including salinity

and temperature food abundance sediment typeintertidal
level and pollution Both high salinity and warm

water especially in spring favor growth 4110162 Food

abundance measured both by actual abundance and by

competition with other filterfeeders affects growth162

Fine sediments favor growth whereas sand and gravel

decrease growth rates23 This does not mean that mud is

better soft shell clam habitat however as explained

below in the Habitat Requirements section Intertidal

clams grow more slowly both because they have less time

to feed and because the sediment tends to be coarser82

Some types of pollution have been shown to decrease

clam growth rates as explained under Special Problems

below Growth is best in summer and poorest in late

winter121 and most growth is completed within the first

five years of life Growth decreases exponentially with

age but clams 28 years old have been found18103 There

is no evidence that genetic differences betweenpopulations
or subpopulations affect growth rate159

ECOLOGICAL ROLE

Role as Filter Feeder
Soft shell clams feed on microscopic algae which they

filter from water drawn into their incurrent siphon They

consume small flagellated cells and diatoms in the550gm range
43110153 and can selectively reject nonfood

particles and toxic dinoflagellates such as Protogonyaulax

tamarensis43152 Rejected particles are incorporated into

pseudofeces and thus are removed from the water

column Freeliving bacteria are too small to be filtered114

but bacteria associated with detritus maybe assimilated9

The presence of soft shell clams affects the settlement of

many species of infauna enhancing some and inhibiting

others Although rarely some invertebrate larvae are

drawn into the siphons51 the mechanisms of interactions

between soft shell clams and infaunal settlement are not

known Differential filtration may be a contributingfactor7
Studies of soft shell clams outside of Chesapeake Bay

suggested that the clams were very important in removing

particles from the water even as small juveniles In San

Francisco Bay it was calculated that a density of 3000

juveniles averaging 25 mm long in an area of one m2

could filter one m3 of water per day while 1500 juveniles

5 mm long in the same area could filter 25 m3
per day

The filtering capability of adults was not calculated but it

increased exponentially with shell length124 Thesedensities
are high for Chesapeake Bay112 but even much

lower densities may be significant In waters off western

Sweden it was estimated that infaunal bivalves including

high numbers of soft shell clams consumed nine times as

much of the small plankton as did zooplankton grazers100

Filtering by benthic filter feeders is especially important

in controlling microalgal biomass associated witheutrophicationin shallow wellmixed bodies of water such as

Chesapeake Bay

When compared to other common Chesapeake Bay filter

feeders soft shell clams equal or exceed eastern oysters

in weightspecific filtering rates but filtering rates are

lower than those of jackknife or razor clams Ribbed

mussels can filter bacteria from the water whereas soft

shell clams cannot88153

Role of Empty Shells

Despite its fragility the shell of the soft shell clam is

relatively resistant to dissolution and its light weight

makes it less likely to be buried than many shells42 Thus
the shell is particularly suitable as substrate for many

fouling organisms especially in areas that lack other shell

or rock Most of these fouling species are small but two

bivalve species make extensive use directly or indirectly

of soft shell clam shells The jingle shell requires a smooth
hard surface such as soft shell clam shells as a substrate

and the ark clam settles onto hydroids that grow on the

shells41

Predators
Predation on soft shell clams at all stages is very intense

Under most conditions 90 to over 99 of fertilized eggs

and planktonic larvae are destroyed in the water

column166185 Jellyfish hydromedusae and scyphozoans

and comb jellies are considered major predators ofmolluscan
larvae129139 Sea nettles although abundant for

part of the year normallyare not present when soft shell

clam larvae are abundant79 Other potential predators on

mollusk larvae include copepods larval and juvenile fish

and filterfeeding fish such as anchovies andmenhaden27129139146As the larvae metamorphose and settle

they fall prey to benthic planktivores such as barnacles

sea anemones and annelid worms 15160186
Mortality of

newlysettled juveniles is about 90 within the first

several days
138

It is thought that overall predation is the most important

source of mortality for all juvenile and adult age classes

Benthic planktivores in high abundance can preventset44
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Clement locally186 Predators can eradicate soft shell clams

from an area whether newlysettled juveniles506980138 or

older juveniles7677119176 Predation can keep populations

from surviving in muddy substrates where it is easier to

dig down to the clam97 Although larger clams are less

vulnerable to predation a high abundance of predators

can destroy a local clam population126

Soft shell clams provide an important direct link between

phytoplankton and predators of all sizes The relative

importance of a predator on juvenile or adult clamsdependsboth upon the proportion of its diet that is made up

by soft shell clams and its overall abundance For most

predators one or both of these factors is not known so

their importance can only be estimated Table 1 lists major

and minor predators on juvenile soft shell clams and

Table 2 lists major and minor predators on adult clams

Major predators are defined here as animals that are

abundant throughout most of the soft shell clam range in

Chesapeake Bay and use soft shell clams as a significant

portion of their diet Minor predators are those that are

not abundant are restricted to a small proportion of the

Bay or for which soft shell clams are only a minor portion

of the diet `Juveniles are here defined as clams with shell

lengths of under 2 cm

Mummichogs are limited to very
shallow water74 but the

other major predators are found in all water depths that

sustain large soft shell clam distributions Theirimportance
as clam predators relative to each other is not

known Submerged aquatic vegetation reduces predation

on infaunal bivalves
131

Polychaete worms certainly have

the capability of preying on juvenile clams5396 Hidu and

Newell73 reviewed evidence suggesting that somepolychaeteworms are major predators

Of the minor predators horseshoe crabs snapping

shrimp and oyster drills are abundant mainly inpolyhaline
areas Mud snails are abundant in Chesapeake Bay

but less so in sandy areas and apparently eat onlyextremelysmall bivalves80 Ducks and geese affect only

shallow areas but are active in winter when most other

predators are inactive6183

are not lethal to clams but reduce the fitness ofindividualsso the effects at the population level areapproximatelyequal to the effects of removing an equal

biomass of entire individuals

Some populations of certain other species may depend

heavily on soft shell clams even though they are not

numerically important predators These predators include

ducks and geese especially overwinteringpopulations6183and muskrats and raccoons personalcommunicationJ Carlton Oregon Institute of Marine Biology167

There are four ways soft shell clams can escape most

predation pressure The first is to grow larger because

larger clams are buried deeper and deeper clams are

harder for predators to excavate 176176187 The second is

to live in coarser sediments eg sand rather than mud
where predators have more difficulty excavating97 Itfollows

therefore that even though clams grow faster in soft

mud122 large populations cannot persist in mud inChesapeakeBay135 The third partial refuge is low temperature

Clams can survive and grow at low temperatures
1266

when their predators are inactive Consequently they

grow to a larger less vulnerable size before their predators

become active171 The fourth partial refuge is intertidal

areas an exception to the general distribution of soft

clams Intertidal areas are limited in extent in most parts

of Chesapeake Bay but soft shell clams are welladapted

to intertidal existence2 Intertidal areas provide a relative

refuge from most predators because there is less time for

predation
111145 areas that do not support significantsubtidal

populations can sometimes support intertidalpopulationsof adults
69102 Some predators such asmummichogsducks geese whistling swans and raccoons

are welladapted to this zone however so the intertidal

area is only a partial refuge Recreational clam harvesting

also occurs mainly in the intertidal region

Low density is also thought to be a partial refuge from

predation because predators tend to seek out patches of

high density prey97 The value ofthis tactic to the soft shell

clam however probably is offset by the lower success

rate of fertilization among lowdensity clam populations

as hypothesized above under Life History

Adult soft shell clams if they can be excavated arevulnerable
to predators because their shells are fragile and

do not close tightly The method of predation by eels is

unknown but crabs can excavate to 20 cm or more

personal communication R Lipcius Virginia Institute of

Marine Science and
rays can by means not wellunderstoodexcavate large pits to reach adult clams personal

communication R Blaylock Virginia Institute of Marine

Science Of the minor predators all but the black drum

are limitedto polyhaline portions of the Chesapeake Bay

Many species of predators especially fish eat mainly

siphon tips of soft shell clams74°180 These injuries usually

HABITAT REQUIREMENTS

Water Quality

Salinity

According to Matthiesen110 adults cannot survive below

4 ppt salinity for more than a few days and do not grow

below 8 ppt but Chanley25 reported survival afteracclimatizationat 25 ppt Probably the lower summersalinitylimit is 8 ppt Larval salinity tolerance varies depending

upon the salinity to which the adults are acclimated163 but

Chanley and Andrews26 give 5 ppt as a lower limit There

is no upper salinity limit but the prevalence of predators
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in water of high salinity restricts large populations of soft

shell clams in the Bay to mesohaline areas Adults can

survive salinities as low as 0 ppt for about two days110 but

longer periods cause mass mortalities70 Juveniles are

more susceptible to low salinity than adults and warm

temperature decreases tolerance to low salinity

Temperature
Soft shell clams can survive temperatures as low as 12 °C

for long periods of time12 so normally there is no lower

temperature limit in Chesapeake Bay Sudden andextreme
temperature shifts may affect intertidal populations

of juveniles however although Kennedy and Mihursky87

reported that juveniles are more tolerant of temperature

extremes A sudden decrease in air temperature from 20°C

to below 0°C in a few hours was followed by massive

mortalities of intertidal juveniles within a day in the York

River our observations Only juveniles recruited the

previous autumn were affected Because suchtemperature
shifts occur mainly in the winter they represent a

major source of mortality for clams during a time when

most predators are inactive Only intertidal populations

are likely to be affected however

Optimum temperatures for feeding are about 1620 °C but

feeding can take place at as low as 15°C66 a temperature

much lower than the minimum required for activity by

most soft shell clam predators The upper limit for soft

shell clams is about 34°C66 a temperature rarelyencountered
in Chesapeake Bay Temperature extremes do

limit spawning however since spawning is restricted to

temperatures
between 1020°C at the most102 Optimal

spawning probably is restricted to an even narrowertemperaturerange133 These temperatures are required for a

period of at least several weeks for gamete maturation and

successful spawning In some years especially in spring

temperatures rise or fall too quickly for successfulspawning102151Larvae evidently can grow at a wide range of

temperatures and growth rate is independent oftemperature
within certain limits102

pH
Seawater is naturally buffered in the salinity rangesoccupiedby soft shell clams so extreme pH is unlikely to

occur Consequently there has been little study of the

effects on soft shell clams of pH variations Physiological

processes in soft shell clams occur without significant

inhibition over a relatively wide range of pH 16

Dissolved Oxygen and Depth
Although soft shell clams can survive nearanoxicconditionsfor as long as seven days112 anoxia has been known

to cause mass mortalities of soft shell clams in western

Sweden143 Seasonal anoxia in some deep portions of the

Chesapeake Bay89164 has miminal impact on soft shell

clam populations because they are restricted largely to

shallow areas I
f anoxia is extensive however and p
ro

lo
n
g
e

d

seiching events or tilting of the density gradient

occur anoxic deep water can inundate shallow areas170

and cause mortalities of benthic organisms It is not

known to what extent anoxia in the Bay is enhanced by

domestic sewage and agricultural runoff but these inputs

correlate with anoxia and mass soft shell clam mortalities

in waters off western Sweden143 I
f eutrophication and the

extent of seasonal anoxia in the Chesapeake Bay are

increasing as some have suggested the frequency and

duration of shallow water anoxic events also will increase

A catastrophic anoxic event in 1984 apparently

threatened shellfish beds in Maryland141

Structural Habitat
Adult soft shell clams removed from their burrowseventuallydie unless they can reburrow72 they can reburrow

quickly only into very soft sediments136 Although they

grow most quickly in soft sediments123 they are also most

vulnerable to predators there97 Large populations in

Chesapeake Bay persist only in muddy sand and sandy

mud135 Soft shell clams can survive in very coarsesedimentsour observations 122

SPECIAL PROBLEMS

Contaminants

Metals

Industrial pollution typically contains a suite of metal ions

in various concentrations termed heavy metals Soft

shell clams sampled from areas with heavymetalpollution
grow significantly more slowly than clams inunpolluted

areas3 and are in generally poor condition57 but

recovery is rapid when heavymetal pollution ceases3

Table 3 lists some of these metals and their measured

toxicities Compared to other aquatic organisms soft shell

clams are particularly vulnerable to copper and mercury

Copper is bioaccumulated slightly more in low salinity

than in full seawater83 so soft shell clams in Chesapeake

Bay are particularly vulnerable

Tributyltin TBT until recently a component of most

marine antifouling paints its use on large vesselscontinues

is believed to be extremely toxic to most marine

organisms and is bioaccumulated at high rates by filter

feeders such as soft shell clams93 The toxicity oforganotinsto soft shell clams has not been studied

Metallic aluminum particles are apparently nontoxic to

soft shell clams 63

Pesticides Chlorine Polychlorinated Biphenyls
A variety of pesticides including DDT endrin dieldrin

and endosulfan have been shown to be toxic to soft shell

clams but recovery is rapid when exposure ends141

Chlorineproduced oxidants a byproduct of sewagetreatmentin concentrations as low as 03 mgL1 kill 50 of soft

shell clam larvae with only 16 hours of exposure142
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Polychlorinated biphenyls PCB formerlyused in many

industrial products have been suggested as causes of

poor condition in soft shell clams from polluted areas57

Even in highly polluted areas however such as the

Elizabeth River in Virginia low populations of adult soft

shell clams persist4o

Petroleum and Petroleum Products

Petroleum both crude and refined and its byproducts

including polycyclic aromatic hydrocarbons PAH are

toxic to soft shell clams Oil spills can be particularly

damaging In muddy sand such as that found inChesapeakeBay spilled oil penetrates slowly but remains for

years and destroys increasingly larger clams over time

eventually eliminating most of the population40 Clams

transplanted to oil spill areas also die out due to the oil39

Depending on the dose and the type of oil the growth

rates of survivors are significantly reduced Bunker C and

Number 6 fuel oil have been shown to reduce growth by

as much as 50 in survivors
35859104

Hydrocarbonsextractedfrom polluted sediments are more than ten times

as toxic to soft shell clams as they are to fish 168 Not all oil

pollution has been shown to have adverse effects but

crude oil is bioaccumulated by soft shell clams55

The role of hydrocarbon pollution in diseases of soft shell

clams has been debated but in general high incidences

of cancerlike diseases correlate with hydrocarbonpollution
Neoplasia hyperplasia and germinoma have all

been correlated to hydrocarbon pollution of various

types
767177 Brown et cal20 did not find a correlation with

total hydrocarbon pollution but did find a correlation

between neoplasia and total PAH levels Polynuclear

aromatic hydrocarbons have been implicated ascarcinogensand are common components of hydrocarbonpollution
This is an example of an indirect effect of human

impact and there are others which probably gounnoticed
Bioaccumulation
From a human viewpoint the most serious aspect of

pollution in a fishery species is bioaccumulation Many

pollutants are bioaccumulated or concentrated by soft

shell clams some of which are thought or known to be

extremely toxic to humans An indirect danger is that

sublethal quantities
of toxicants will be accumulatedfurther

by predators of soft shell clams such as blue crabs

which are also fishery species

Two studies on soft shell clam bioaccumulation of heavy

metals and organochlorine residues in Maryland4641

showed no dangerous levels but all compoundsexaminedwere bioaccumulated to some extent Soft shell

clams bioaccumulated most of the toxicants less than or

equally to oysters but arsenic which was increasing in

sediments was bioaccumulated more than by oysters

Mercury and cadmium were not bioaccumulated in high

amounts probably because of their toxicity to soft shell

clams However blue crabs which feed on soft shell

clams showed greater accumulation of these metals

Tributyltin is accumulated by soft shell clams far more

than by nonfilter feeders and over 50 times more than by

sediments93 A pesticide diquat however was present in

lower amounts in soft shell clams than in sediment 68

Chrysene DDT and napthalene were notbioaccumulatedfrom sediments diethyl ether and dioctyl phthalate

were accumulated from sediments only in trace

amounts
56 but this did not mean that they were not

bioaccumulated from the water Butler23 found that soft

shell clams accumulate all pesticides tested aldrin DDT
dieldrin endrin heptachlor lindane and methoxychlor

to a greater extent than hard clams but also decreased their

body burdens better than hard clams when exposure

stopped Both crude oil and PAHs are bioaccumulated by

soft shell clams even when levels in the water are very

low58118 Copper and zinc on the other hand areaccumulated
far less than by oysters114

Diseases

Soft shell clams in the MidAtlantic Bight area are subject

to a variety of cancerlike diseases which may be directly

due to a viral agent30 The agents of these diseases are not

known and there are no standard descriptions of most of

them but at least four cancerlike diseases have been

described These include neoplastic proliferation oftissue
usually mantle that invades other tissueshematocyticneoplasia or leukemia58 an extreme increase in

the number of hemolymph cells hyperplasia orproliferation
of gill tissue and germinoma or proliferation of

gonadal tissue
67177

Only one of these diseases described as an epizootic

sarcoma and probably synonymous with neoplasia has

been studied in Chesapeake Bay It was implicated in

mass mortalities in parts of the Maryland Eastern Shore

where up to 65 prevalence was found in sampledpopulationswith 100 mortality of diseased clams52

Hematocytic proliferation however has been found with

up to 40 incidence in Rhode Island with 50 mortality

of diseased clams29

Other diseases include hypoplasia or defective gonadal

development and lipofuscin deposits or brownpigmentedareas177 No mortalities have been reported for

hypoplasia but if the incidence is high a significant

proportion of the population effectively could becastrated
Lipofuscin deposits are not known to bepathogenicbut are more prevalent in polluted areas

2 The role

of pollution in many of the above diseases especially

neoplasia is fairly well established Although pollution

may not cause these diseases certain forms of pollution

are wellcorrelated with incidence of neoplasia7202167177

as discussed below
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A series of soft shell clammassmortalities in 1970 and 1971

in Maryland led to an investigation of pathogenic bacteria

and eight pathogenic bacteria were discovered Whether

any of these caused the mortalities is not known but it

demonstrated that bacterial diseases may be important

ecological factors in soft shell clam populations85 The role

of disease in regulating soft shell clam populations has not

been studied widely but
existing information suggests

that diseases of all sorts may be as important asenvironmental
factors or predators in adult clam population

dynamics

The most alarming soft shell clam pathogen from a human

viewpoint is paralytic shellfish poisoning caused by the

planktonic dinoflagellate Alexandrium Gonyaulax
tamarensis This species is apparently toxic to soft shell

clams which reduce feeding and
reject the dinoflagellates

when they are present For this reason up to ten days after

the start of a bloom there is no significant accumulation

of the algal toxins by soft shell clams15 Fortunately A
tamarensis does not bloom frequently in Chesapeake

Bay Paralytic shellfish poisoning therefore is notconsidereda problem in this location

Although parasites probably are present they have not

been studied in soft shell clams in Chesapeake Bay
Probably the most serious parasite is the cercaria stage of

the trematode Himasthia leptosoma which replaces

muscle tissue in clams mud snails and various shore birds

are hosts for the parasites other life stages A number of

other trematode species have been identified in soft shell

clams in New England and Canada28 A turbellarianflatwormhas been found in soft shell clams but apparently

it is not clear whether it is parasitic The commensal

nemertean Macrobdella
grossa probably is not parasitic

A ciliate protozoan has been identified as a parasite but

does not appear to be common28 Two copepods have

been identified as occasional parasites in soft shell clams

The parasitic pea crab is strictly polyhaline182 as are the

ectoparasitic snails179 so they do not affect most soft shell

clams in Chesapeake Bay

Sewage and Eutrophication
Soft shell clam populations can persist in areas with high

domestic pollution
7

but a high organic contentcharacteristic
of sewagepolluted sediments correlates with

reduced growth rate of soft shell clarns12 One effect of

sewage however is eutrophication which can enhance

regional anoxia

So far eutrophication has not been a problem forChesapeakeBay soft shell clam populations Evidence from

Sweden indicates that domestic sewage can enhance

eutrophication catastrophically leading to widespread

anoxia with total eradication of infauna including soft

shell clams so the danger probably exists in Chesapeake

Bay

Disturbance

Heavy siltation can occur from dredging operations or

storms Survival of adult soft shell clams buried bysediments
varies with the kind of sediments Burial by up to

24 cm of coarse mudfree sand can be survived but only
6 cm of fine sand and only 3 cm of silt can be fatal169 New
channels occasionally are dredged in shallow areas eg
for creation of marinas with obvious direct effects on any
clams in the path of the channel But most often existing

channels which do not support significant clampopulationsare deepened or widened I
f the dredged material

is very fine much of it may drift over adjacent areas and

bury soft shell clams which are susceptible especially to

burial by fine sediment

Hydraulic escalators used to harvest soft shell clams in

Chesapeake Bay do relatively little damage to surviving

clams Incidental mortality of unharvested clams is about

7 incidental catch of fish and crabs is largely nonlethal

and oysters more than 30 m away are unaffected 106115134

This compares to about 50 mortality of unharvested

clams by hand methods used in New England
116

Delicate

burrow systems and submerged aquatic vegetation are

totally eradicated by the hydraulic harvesters however 106

The use of the hydraulic dredge has been reviewed by

Kyte and Chew90

Intertidal populations of soft shell clams are the only

significant pool of adults in some parts of Chesapeake

Bay 69102 so destruction of intertidal areas by shoreline

construction erosion landslides or other factors can have

a disproportionally large effect on soft shell clampopulations
Conversely landslides can help create habitat for

soft shell clams in the intertidal and shallow subtidal

regions of the Bay if they replace unsuitable sediment with

suitable sediment The effects of shoreline destruction as

well as bottom disturbance by wakes and propeller wash

fromthe
increasing number of recreational boats has not

been studied in this context but at this point effects are

probably minor and local

Power Plants
Extensive mortalities of soft shell clams were reported

in the Patuxent River in Maryland after the Chalk Point

power plant was constructed presumably due to heated

effluent Studies specifically designed to study the effect

of heated water near Calvert Cliffs Maryland however
failed to show any harmful effects to soft shell clams767799

This is a complex issue in part because spawning which

is temperaturerelated may also be affected by heated

effluent

CONCLUSIONS AND RECOMMENDATIONS

Harvesting
The fertilization and settlement

patterns of soft shell clams

described above
suggest that as long as each subestuary
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has reserved a small but sustained pool of adult soft shell

clams and as long as care is taken not to destroy newly

settled clams by disturbance or sedimentation harvesting

will have no long term population effects Since denser

populations probably have better spawning success for

optimum effect the reserve population of adults in each

subestuary should be in an area that traditionally sustains

high densities of adults Since domestic sewageapparentlyhas no serious direct effects on soft shell clams one

possibility is to use areas condemned for shellfishharvestingbecause of domestic sewage as adult reserve areas

Although hydraulic escalators used to harvest soft shell

clams in Chesapeake Bay do relatively little damage to

unharvested soft shell clams or incidental catches ofmobilefauna submerged aquatic vegetation and oyster reefs

are destroyed completely The preservation of submerged

aquatic vegetation and oyster reefs because of theirimportancein the ecology of Chesapeake Bay should in all

cases take precedence over soft shell clam harvesting

however harvesting can occur within about 100 m of

these communities with little harm

Pollution
Because copper is the most deadly heavy metal to soft

shell clams any pollution monitoring in areas where soft

shell clams are a concern should include measurements

of copper ion concentrations

Because oil spills lead to massive clam mortalities and in

areas with sublethal pollution cause reduced growth

rates measures to protect the Bay from oil spills are

important to preserving soft shell clam habitat
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Table 1 Predators on juvenile soft shell clams in the Chesapeake Bay

Major Predators

Polychaete worm Nereis virens73s6

Blue crab Callinectes sapidus97176

Mud crabs Xanthidae6569104181

Shrimp Crangon septemspinosa6137

Mummichogs Fundulus spp7486

Spot Leiostomus xanthurus747677

Table 2

Minor Predators

Flatworm Stylochus ellipticus91

Polychaete worms Eunicidae Nephtyidae

Nereidae53s6

Mud snails llyanassa obsoleta Nassarius spp6980
Moon snail Polinices duplicatus44

Oyster drills Urosalpinx cinerea Eupleura caudata24

Horseshoe crab Limulus polyphemus 1314

Amphipods Gammaridae50

Snapping shrimp Alpheus spp8
Hermit crabs Pagurus spp6
Croaker Micropogonias undulatus74

Winter flounder Pseudopleuronectes americanus694

Tautog Tautoga onitis1
°

Ducks Anas spp Aythya spp6183

Predators on adult soft shell clams in the Chesapeake Bay

Major Predators

Blue crab Callinectes sapidus
97176

Eel Anguilla rostrata
180

Cownose ray Rhinoptera bonasus 126155156

Minor Predators

Ribbon worm Cerebratulus lacteus84

Moon snail Polinices duplicatus
4579

Whelks Busycon spp38
Skates Raja spp74155

Rays Dasyatis spp74

Black drum Pogonias cromis74

Table 3 Toxicity of metals to soft shell clams LC50 is the concentration that is lethal to 50 of the sample in a 7

day time period Data from Eisler48 and Eisler and Hennekey49

Metal LC5o mgL1 Metal LC50 mgL1

Cadmium Cd2+ 01507 Manganese Mn2+ 300

Chromium Cr+6 80 Mercury Hg2+ 0004

Copper Cu2+ 0035 Nickel Ni2+ 30

Lead Pb2+ 88 Zinc Zn2+ 31
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Mercenaria mercenaria

G Curtis Roegner and Roger Mann

School of Marine Science

Virginia Institute of Marine Science

Gloucester Point Virginia

T he hard clam is found along the eastern coast of North
America from the Gulf of St Lawrence to Texas InChesapeakeBay the hard clam is restricted to salinities above

approximately 12 ppt An extensive survey of hard clam resources

is overdue Statements concerning long termtrends in populations

are not feasible

Hard clams grow to a maximum shell length of about 120 mm
There are few documented cases of diseases in wild hard clam

populations Parasitic infestations are also slight The life cycle of

the hard clam includes a pelagic larval phase and a relatively

sedentary benthic juvenile and adult phase In Chesapeake Bay
ripe gametes can be found between May and October and spawning

commences when temperatures rise above 2023 C The larvae are planktotrophic feeding Metamorphosis

usually commences at a shell length of 200210 mm Predation on new recruits is very high dense

aggregations of hard clams have been found in the absence of predators Aside from predation and fishing

pressure the natural mortality of larger clams appears very low

Hard clams are important suspensionfeeding infauna thus they are important in grazing of primary
production transfer of carbon and nitrogen to benthic food chains and through excretion rapid recycling

of particulate nitrogen as ammonia The major food source for hard clams is planktonic microalgae In

Chesapeake Bay growth occurs in spring and fall when optimum water temperatures coincide with

abundant food

Clamsare capable of living in a variety of sediment types but higher abundances are found in coarsegrained
sediments Hard clam stocks are susceptible to overfishing Recruitment rates are poorly understood as are

possible reestablishment periods if areas are depleted through commercial harvesting and factorsinfluencinglarval settlement rates

Hard clam mariculture is well established and could easily be expanded into sites within the Bay

Given the ability of clams to bioaccumulate toxic substances adequate monitoring should be maintained

The sublethal effects of toxic materialreadily found in the lower James River should be examined

INTRODUCTION portion of the Bay and have become increasinglyimportantin recent years as watermen look for alternatives to

The hard clam is an important member of the suspension the declining oyster fishery In the face of continuing

feeding benthic infuana of the lower Chesapeake Bay threats frombayside development and stock exploitation

where it exists in salinities above 12 ppt Commercially comprehensive surveys of the hard clam in the Bay are

exploitable stocks exist in several areas of the Virginia long overdue much data is over 20 years old The purpose
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of this document is to provide the reader with a broad

summary of aspects of the natural history of the hard clam

in the Chesapeake Bay so that potential impacts of

shoreline development and other activities affecting the

aquatic environment can be assessed in terms ofenvironmental
requirements of the hard clam in the Bay

BACKGROUND

Geographic Range
The hard clam also is commonly known as the quahog
littleneck clam or cherrystone clam It is distributed along

the Atlantic coast of North America from the Gulf of St

Lawrence to Florida and along the Gulf of Mexico coast

from Florida through Texas158 The hard clam has been

introduced to California and Europe770 It is restricted to

salinities above approximately 12 ppt and is mostabundantin polyhaline estuarine waters Its depth rangeextendsfrom the intertidal zone to greater than 18 m58

In Chesapeake Bay M mercenaria is the only common

hard clam Baywide surveys of clam populations are few

however the hard clams potential estuarine distribution

is mainly determined by salinity and it is not abundant

below 18 ppt In the Maryland portion of the Bay hard

clam populations are restricted to Pocomoke and Tangier

Sounds81 although deposits of old shells are found in the

lower Patuxent The bulk of the Chesapeake hard clam

distribution is located in the Virginia portion of the Bay

particularly in subestuary river systems with salinitiesexceedingabout 12 ppt
and depths greater than than 5 m634

Surveys have found hard clams to be widely distributed

in the Chesapeake Bay but commercially exploitable

abundances are limited to an area of about 12000 acres

These high density distributions are concentrated in the

lower York and James rivers
68

Limited commerciallyexploitableabundances are also found in the lowerRappahannockRiver Mobjack Bay and along the western

side of the Eastern Shore656768

Distribution and Population Status

The potential habitat of hard clams in Chesapeake Bay

includes areas where the bottom salinity exceeds 12 ppt
which corresponds to approximately 17 ppt duringsummerlarval metamorphosis is impeded below 17 ppt4087

Adult hard clams can tolerate salinities to about 12 ppt

but do not grow Hard clams are capable of small local

migrations pushing out of the sediment and moving

before the current An 18 mm clam can be moved by a 25

cm S1 current The abundance of clams within a habitat is

simplythe number of larvae which settle minus those that

die after settlement The surviving clams may then be

redistributed by local currents Comprehensive studies of

larval densities and settlement rates have not been made

for Chesapeake Bay sites Limited data have beenreportedfor areas outside the Bay Carriker32
reported a

density of 572 larvae L1 in Little Egg Harbor New Jersey

whereas seed densities as high as 270000 m have been

recorded in Maine47

Because regular surveys of hard clam resources inChesapeakeBay have not been made long term trends in

populations cannot be determined Results of several local

surveys
of hard clam populations in the Virginia portion

of the Chesapeake Bay are summarized in Table 1Unexploited
populations of hard clams in the Chesapeake Bay

usually are composed of significantly more largeindividuals
than new recruits or juveniles6172 In the bulk of

the populations sampled by Haven et al68 greater than

70 of the clams were more than 6 cm in shell length with

an estimated age of 48 years In another survey the

highest density of clams smaller than 36 cmin shell height

was found to be only 044 clams m2 compared with a

density of 322 clams m2 for clams larger than 58 cm at

the same site72 In the James River where densities of

adults were among the highest in the Bay the estimated

annual recruitment was less than one clam m26568 Low

recruitment maybe the result of high larval mortality low

settlement rates heavy predation on postsettlement

clams or some combination of these factors The hard

clam is a longlived species and individuals have been

aged at more than 30 years
6491

Morphology
Hard clams grow to a maximum shell length of about 120

mm The valves of the hard clam are thick inequilateral

ovatetrigonal and joined at the hinge by a thick brown

external ligament The shell is sculptured with fineconcentric
ridges which separate and coarsen at the umbones

while at midshell the ridges diminish to a characteristic

smooth spot The valves do not gape A distinguishing

external feature is the heartshaped lunule locatedanteriorlyto the prominent external ligament The lunule is

typically 34 as wide as long Internally the ventral margin
of the shell

is crenulate The hinge architecture is strong

and the anterior and posterior adductor muscle scars and

the pallial sinus are prominent

The outer shell of hard clams ranges in color fromyellowish
to white although specimens collected from

reduced sediments may be darkly colored The interior of

the shell is usually white tinged with dark purple patches

The shells were valued by American Indians aswampum5SGrowth patterns within the shell may reflect the

environmental history of the individual90 The basic

anatomy of hard clams conforms to that of veneridbivalvesThe shellsecreting mantle lines the valves and

encloses the viscera and is fused posterioventrally into

the short inhalant incurrent and exhalant excurrent

siphons The siphons are muscular and retractableendingin tactile and chemosensitive tentacles The strong

hatchetshaped foot extends anterioventrally and is used

to burrow into the substrate°
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LIFE HISTORY

Spawning and Reproduction
The life cycle of the hard clam is typical of other venerid

bivalves and includes a pelagic larval phase and arelativelysedentary benthic juvenile and adult phase3287

The hard clam is a protandrous consecutivehermaphroditeand is dioecious after changing sex ie the

clams begin adult life as males often become females with

greater maturity and require individuals of both sexes for

reproduction Sexual maturity is mainly a function of

size 178485104 Clams develop functional male gonads at

67 mm in shell length in the first or second year of life

Oocytes are sometimes present at this time After this

juvenile male phase definitive sexes are established at a

size of about 30 mm shell length
7541314

Spawning cycles are affected mainly by temperature and

food availability and thus
vary according to latitude From

north to south the development and duration of ripe

gametes tends to begin earlier and extend longer54

Spawning often occurs in pulses and may continue for

months44 but usually there are one or more distinct

spawning peaks a second spawning peak often occurs

from North Carolina south254 When ripe gametes have

been produced spawning is stimulated by a temperature

increase over some threshold In Chesapeake Bay ripe

gametes can be found between May and October37 and

spawning usually commences when temperatures rise

above 2023 °C 6 personal communication M Castagna

Virginia Institute of Marine Studies

Fecundity in hard clams is high Females can release1624
million eggs per spawn44 although laboratory studies

often have recorded lower values of 13 million eggs78

With repeated spawns individuals may release up to 60

million eggs over a season The viability of eggs and

subsequent survival of larvae are positively related to egg

size not clam size77988 but the amount of spawn released

increases with increasing clam size17 Eggs are 6085tm
in diameter when released and covered with a gelatinous

membrane which expands in contact with water further

extending the diameter to 163179 µm32 In cultureexperimentshowever eggs
will often

pass through a 35 µm
mesh they are retained on a 25 µm mesh Fertilization

occurs in the water column

Larval Development
The larvae of hard clams are planktotrophic feeding and

development of the larval forms follows the usual blastula

gastrula trochophore straighthinged 90140 µmumboned140220 gm and pediveliger 170230 gm stages

of bivalve molluscs3787 Rate of development is highly

dependent on temperature salinity availability of high

quality food and turbidity under optimum conditions the

larval stage can be completed in as little as a week86 On

the other hand the larval stage can be maintained for at

least 24 days if conditions are inadequate or suitable

substrate is lacking86

Mature pediveliger larvae have a welldeveloped ciliated

foot and byssus gland in addition to a functioning velum32

The pediveligers alternate swimming with crawling on the

bottom using the foot This behavior facilitates testing the

substrate for suitable settling sites Pediveligers candistinguishbetween different sediment types although the

selective mechanisms involved are unclear76 Distribution

of settling larvae within the estuary probably reflects a

combination of active site selection and passivedeposition24129
During settlement the pediveliger anchors itself

to the substrate with a byssal thread thereby terminating

the period of planktonic life32

It is unclear whether the

velum is absorbed or cast off at settlement Degeneration

of the velum mayprecede settlement The ciliated foot of

the pediveliger also serves as a swimming organ The

settled clam is now termed a byssal plantigrade which

slowly metamorphoses into a juvenile clamMetamorphosisis gradual and entails development of the digestive

viscera and gills fusion of the mantle edges anddevelopmentof the siphons Metamorphosis usually commences

at a shell length of 200210 gm 87

Young byssal plantigrades initially lie at or just under the

sediment surface but can move about on the foot while

the byssal threads can alternately be detached and

reformed The exhalent siphon ususally is developed at

metamorphosis but the inhalent siphon usually does not

appear until a shell length of approximately 15 mm As

the siphons develop and elongate the byssal plantigrade

burrows progressively deeper in the substrate Thesiphons
initially maintain contact with the overlying water

but after the formation of siphonal tentacles which aid in

the exclusion of sediment from the inhalent stream the

clam may be completely buried At a shell length of about

79 mm the byssal gland is lost and the byssal plantigrade

becomes a juvenile plantigrade The juvenile clam can

move about by means of the shortened hatchetshaped

foot32

Growth
The hard clam exhibits seasonal latitudinal andsizerelatedvariations in growth855 In warmtemperate areas

such as Chesapeake Bay the most significant growth

occurs in spring and fall when optimum watertemperaturescoincide with abundant food see HabitatRequirementsGrowth decreases in summer and ceases in

winter at water temperatures less than 9°C Seasonal

growth increments increase along the northsouthlatitudinal
gradient thus clams grow to market size earlier in

areas with longer growing seasons8 Growth rate also

tends to decrease with age551°2 As growth ceases either

with old age or adverse conditions clams become thicker

blunt rather than increase in shell length
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Hard clams exhibit wide geographical variation in growth

rates Growth model estimates indicate that 25 years are

needed for clams to reach 385 cm and 45 years to

exceed 6 cm on Hampton Flats Virginia In contrast in

the lower salinity areas of the York River 45 and 8 years

are required to reach the respective size classes Chowder

clams at the same locations were estimated to be 820

years old656782

ECOLOGICAL ROLE

Feeding
Hard clams are important members of the

suspensionfeedinginfauna Therefore they are important inbenthicpelagiccoupling grazing of primary production transfer

of carbon and nitrogen to benthic food chains and

through excretion rapid recycling of particulate nitrogen

as ammonia The major food source for hard clams is

planktonic microalgae

Normally clams lie buried in the substrate with only the

siphons communicating with the sediment surfaceSpecialized
gill cilia draw a respiratory and feeding current

down the inhalent siphon through the gills and out the

exhalent siphon Food particles brought in by the inhalent

stream are filtered out by cilia trapped in mucus strings

and transported to the labial palps where the material is

sorted by size Organic and inorganic particles in the size

range
of about 515 gm are imbedded in mucus strings

and ingested Material rejected from the sorting cilia on
the gills or labial palps is concentrated near the base of

the inhalent siphon and periodically ejected by forceful

adduction closing of the valves The rejected material is

called pseudofeces The
sensory

tentacles on the inhalent

siphon can reduce the aperture to limit inhalation of

sediment

Filtration rates of hard clams are related to foodconcentration
Feeding efficiency increases with increasing particle

density up to a maximum and then decreases at higher

particle concentrations119 Optimum algal density for hard

clam filtration is 2 x 105 cells mli 118 Clams have been

observed to assimilate 712773 of the ingested food119

Maximum filtration rates were found to be dependent on

the species of algae125 Feeding rates also increaseddirectlywith temperature and current velocity125

Predation
Predation on newly recruited hard clams is very high and

is known to have eliminated entire sets of both natural and

planted stock933679397 Dense aggregrations of hard

clams were found in the absence of predators92 InChesapeakeBay the blue crab appears to be the primary

predator on juvenile hard clams
5335666

although oyster

drills whelks and mud crabs also are significantpredators656Flatworms can cause problems where clams are

cultured out of their natural substrate The cownose ray is

common in Chesapeake Bay14 and is capable of feeding

on the larger sizes of hard clams 635 Other important

predators include horseshoe crabs herring gulls and

finfish tautog puffer black drum and flounder54 Many

predator species prevalent in other areas eg sea stars

are prevented from affecting Chesapeake Bay hard clam

populations by low salinity

The size of clams interacts with crab size and substrate

characteristics to form refuges from predation 565792127

Crabs feed by crushing small clams and chipping away the

edges of larger clams
114

but clams larger than about 6 cm

shell length are immune from most crab predators54

Boring gastropods eg oyster drill snails also probably

prey more extensively on thinnershelled youngerindividuals
Intense predation on small individuals may

explain their poor representation in the sizefrequency

distributions of populations Densities of clams often are

higher in seagrass beds than in surrounding sand flats100

and gravel or shell aggregate has been shown to reduce

crab predation
355792

Aside from predation and fishing pressure the natural

mortality of larger clams
appears to be very

low6 Clams

maintained in predator exclusion cages in South Carolina

had an estimated mortality of 14349 There are few

documented cases of diseases in wild hard clampopulations113
although the hard clams in Canada reportedly

were decimated by disease116 Parasitic infestations also

are slight54

HABITAT REQUIREMENTS

Water Quality

Temperature
Temperature affects hard clam reproduction and growth

of larvae and adults Gametogenesis begins when water

temperature reaches about 10°C54 and temperature is one

of the main stimuli for spawning Critical spawningtemperatures
vary geographically due to acclimation ofpopulations

to local conditions78 In Chesapeake Bayspawningusually begins in May when water temperatures rise

above 23°C7577

Younger life
stages generally have narrower temperature

tolerances for survival than adults Eggs remain viable

from 72125°C to over 325°C437789 but embryos and

trochophores at temperatures
above 30°C experienced

increased mortality with increased exposure time77Larvae
survived temperatures between 125 and 3033°C3287

the best survival rate was between 225250°C at 225 ppt

salinity43 Adult hard clams can survive temperaturesbetween6 and 452°C69129 Activity of adults is curtailed

below 1°C and above 340C63123 and is optimal between

21 and 310C19

Larval growth and survival are functions of bothtemperatureand salinity7389 Growth of larvae ceases at <125°C87
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mainly because the larvae cannot assimilate ingested

food43 The optimum temperature for growth at most

salinities < 270 ppt is 2530°C and the optimum

temperature range for larval growth from fertilization to

ten days at 21530 ppt salinity is 225266°C Temperature

also affects the developmental rate of larvae the time

between fertilization and settling has been found to be 20

days at 18°C 1624 days and 75 days at 30°C 79 days
Growth of adults occurs between 8°C and about 31°C 312

with an optimum temperature of 20°C 3102109 The latter

values are below those quoted earlier09 and probably

reflect inhibition of bacterial activity at the lowertemperatures
Salinity

Salinity significantly affects both growth and survival of

hard clams Larval forms are more sensitive to adverse

salinity levels than adults The salinity range for normal

egg development is 2035 ppt4043 with an optimum of

about 27 ppt87 High mortality occurs at less than 1217

ppt
343687 The upper and lower salinity limits for normal

larval development are 1535 ppt indicating that larvae

can exist in lower salinity regimes more successfully than

eggs87 Metamorphosis however is inhibited at less than

17 ppt4087 Optimum salinity for growth and survival to

settlement is 2627 ppt34404387

The synergistic effect of salinity and temperature on larval

growth and survival results in a limiting of the ranges of

temperature tolerance with a reduction in salinityespeciallyat high temperatures and low salinities43 Thus

higher mortalities and slower growth of larvae areexpectedat less than 175 ppt The minimum salinitytolerance
for adults is approximately 12 ppt whereas clams

can exist in waters of oceanic salinity
114 and above For

example hard clams have been recorded in Laguna

Madre Texas at salinities up to 48 ppt The ability of hard

clams to adduct the valves tightly reduces the negative

effects of short term environmental fluctuationsReproduction

is inhibited at less than 15 ppt34 Thus salinity is a

major factor in hard clam distribution patterns InChesapeakeBay clams are not abundant at less than 20 ppt6

personal communication M Castagna Virginia Institute

of Marine Science

Dissolved Oxygen
Dissolved oxygen DO usually is not a limiting factor for

hard clams in Chesapeake Bay Anoxic events usually are

concentrated in lower salinity upper Bay areas outside

the salinity tolerance range for metamorphosis or in

deeper regions where clams are scarce Additionally

clams of all life stages exhibit a marked tolerance to low

DO The minimum DO requirement for normaldevelopment

is about 05 mgL1 although growth rates are

reduced greatly below 42 mgL198 Short term stress does

not affect later development98 Adult hard clams canmaintain
oxygen consumption down to DO levels of 50 mgL1

after which oxygen consumption declines andpresumablyanaerobic metabolism becomes responsible for

a greater proportion of total metabolic activity6263Dissolved
oxygen concentrations of less than 50 mgL1clearly

represent stress to hard clams Activity can bemaintainedeven at DO concentrations less than 10 mgL1 109

Turbidity

Heavy sediment loads have negative effects on growth

and survival although clams usually can tolerate ambient

concentrations of suspended materials Eggs sufferedincreasinglyabnormal development with increasing silt

concentration from 0753 gL1 at the higherconcentrationthere was no normal development41 Larvae were not

able to survive or grow in concentrations of 025 gL1 chalk

or 050 gL1 of fullers earth although eggs could withstand

higher concentrations4145 Growth of larvae was inhibited

in silt concentrations above 075 gL1 however survival

was high even at 4 gL14145

High concentrations of small particles tended to clog the

larval alimentary tract45 Juvenile and adult clams 14 and

32 mm shell length decreased the ingestion rate of algae

with increasing sediment load up to 0044 gL1 and lost

18 of ingested algae by increased production ofpseudofeces18The rate of filtration also was depressed by

additions of Silt
115 Growth of hard clams was inhibited at

0044 gL1 but not at 0025 gL119 Most of these detrimental

concentrations are higher than those encountered innature
except during dredging orvery heavy runoff events

PH
Hard clams are tolerant of most pH levels commonly
encountered in their habitats Embryos developed at pH

values of 700875 whereas larvae survived in the pH

range
of 62587526°27 Growth occurred between pH

675850 with an optimum between pH 750 and

850 2627

Structural Habitat
Substrate characteristics are important for hard clam

growth distribution and abundance Larvae prefer to

settle in sand over mud substratesbut particle size was not

deemed an important
factor76 Clams are capable of living

in a variety of sediment types Field surveys often have

found higher abundances of hard clams in sandy rather

than muddy sediments however this distribution varies

by location 34126 A heterogeneous substrate mixture of

sand or mud with gravel or shell often shows highabundancesof clams101117 This fact
appears to relate to the

larger material offering a spatial refuge from predation9

Higher growth rates also have been observed in sand

substrate 386090102
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SPECIAL PROBLEMS

Contaminants
The toxic action of a number of organic and inorganic

compounds on hard clams has been investigated The

ability to culture hard clams has allowed for the evaluation

of many compounds on the larval
stages Embryos and

larvae are much more susceptible to toxicants than are

adults The adults often can withstand large body burdens

of toxic materials and can concentrate these substances

far above ambient concentrations Additionally thedepurationof toxic compounds is often slow Thisconsideration

is of obvious concern because hard clampopulations
especially in the James River often are exposed

to toxicants One important aspect of pollution biology
sublethal effects eg reduction of reproductive output

is poorly understood The following section on toxicants

refers to values of LC50 and EC50 defined as follows

LC50 = concentration of a toxicant that causes death

of 50 of the test organisms

EC50 = concentration of a toxicant that affects a

specific response eg growth in 50 of the test

organisms

Organic Compounds
Concentrations of petroleum products in the low mgL
range are toxic to embryonic and larval clams Table 2
These concentrations were measured in the fieldfollowinga spill as well as tested experimentally in an oilspill

weathering simulator25 Growth studies with EC50 end

points indicated that petroleum products decreased

growth rates when compared to controls25 This sublethal

effect is important because increased mortality of clams

usually is associated with longer planktonic existence

The hard clam is very sensitive to waste motor oil which

makes up a significant portion of petroleum pollution25

Hydrocarbon depuration is slow Adult hard clamsdepurated
only about 30 of accumulated hydrocarbons in

120 days 419293 mg kg
1

wet weight16 Clams with

initial benzoapyrene contamination levels of 160 gg

kg
1 reduced body burdens to 82 gg kg

1
after seven

weeks and had a residual of 11 gg kg after 60 weeks111

Oiled sediments reduce the depth to which clams bury
while increasing burial time99

Polynuclear aromatic hydrocarbons PAH were found to

accumulate in hard clams much faster than they were

depurated giving bioaccumulation factors in the 103104

range13 Table 3 however oysters were found to have

even higher bioconcentration factors because they had

significantly lower depuration rates than hard clams13

In contrast to the relative tolerance levels of temperature

and salinity on the early life stages of hard clams the

toxicity of the insecticides herbicides bacteriocides and

fungicides tested usually were greater for larvae than for

eggs4245 Table 4 The relative LC50 concentrations of the

compounds vary but generally are in the mgL1 range4245

Some compounds sevin endothal 24D salt phenol

and sulmet accelerated larval growth over controls the

reasons were unclear but antibiotic properties orchelation
of toxicants were suspected Except for allyl alcohol

the organic solvents tested were not toxic45 Hard clams

concentrate pesticides but do not store polychlorinated

hydrocarbon pesticides as well as other species Table 5
Accumulation of a variety of pesticides was slower and

depuration was faster in hard clams than in soft shell

clams2223 The biotic concentration factor BCF is afunction
of contaminant concentration At a DDTconcentration
of 125 gL1 the maximum mean BCF in hard clams

after 18 days was 18 x 103 whereas the depuration time

was slightly over three months39 Butler2l reported tissue

accumulations of 6tg g
1 after one week at a DDTconcentrationof 1tg gL1BCF = 6 x 103 At higherconcentrationsDDT decreased in foot tissue after six months while

the concentration in the viscera did not decreasemeasurably39Fortunately DDT use now is banned in the

United States

Tributyltin oxide TBTO was found to be highly toxic to

hard clam eggs and larvae with LC50 values in the
parts

per trillion ngL1 range for eggs and embryos and the

ggL1 range for larvae and juveniles Table 6106 A TBTO

concentration of 077 ngL1 depressed growth ratesalthoughthe resulting larvae were normal106

Kepone contamination of the James River estuary was

recognized in 1975 and the substance was found to be

present throughout the food chain Hard clams hadcomparativelylow body burdens of the insecticide and no

directly toxic effects were discovered73

The sublethal effects of chlorinated hydrocarboncontaminationinclude depressed glucogenesis and enhanced

glucose degradation These conditions indicate stress in

the organism52 Other enzyme pathways may beaffected52
Hard clam embryos and larvae have been found to have

relatively low tolerances to surfactants71 Table 7Fortyeighthour LC50 values ranged between 00085583 mgL1
actual field concentrations of surfactants in the St Marys

River Maryland were reported at 006 mgL171 Again
clam larvae were more tolerant than oyster larvae In

contrast sodium nitrilotriacetic acid NTA was nontoxic

to adult oysters51 168hour LC50 values were more than

10 mgL1 Hard clams were the least sensitive species

examined
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Inorganic Compounds
Juvenile and adult clams were relatively unaffected by

high concentrations of ammonia and nitrite Table 8
nitrate and orthophosphate had no deleterious effects53

The lethal values for these compounds are higher than

normally encountered In contrast chlorine was highly

toxic to hard clam larvae with EC50 values near the tgL1

level°7110

Heavy metals were toxic to eggs and larvae of hard clams

in the tgL1 to mgL1 range Table 828293031 Metals are

known to be concentrated in hard clams at several orders

of magnitude greater than in the surroundingenvironmentAccumulation and depuration rates are dependent

on such physical factors as temperature and salinity which

affect metabolic rates103 In hard clams taken fromSouthamptonEngland metal accumulation was relatedinverselyto salinity but little correlation was found between

sediment metal and tissue metal concentrations108

Generally depuration rates of heavy metals from hard

clams are slow Levels of cadmium chromium nickel

lead zinc and copper either remained the same orincreased
after transplantation from a polluted area in Great

South Bay New York Accumulation rates bodyburdensand depuration rates of heavy metals in hard clams

are low relative to oysters and soft clams103 Oxygen

consumption rates increased with increasing silverconcentrations120

Heavy metal toxicity varies with life stage and types of

metal Early life stages are more sensitive to mercury and

silver than to cadmium possibly due to a loweraccumulation
rate for cadmium but the order of toxicity to these

metals reverses in older animals perhaps due to tolerance

to mercury and silver30 The relative toxicity of metals to

hard clams was found to be copper > cadmium >

chromium > zinc112 whereas metal toxicity to hard clam

larvae was determined to be mercury > copper > silver

> zinc > nickel nickel was relatively nontoxic3 Body

burdens of cadmium copper and zinc were determined

in hard clams from the James and York Rivers and several

sites in Chesapeake Bay80 The concentrations of these

metals within samples zinc 50112 tg g1 copper10165
tg g 1 and cadmium < 08 tg g generally were

comparable with other studies however the metalcontent
of clams in the James River was higher than in the

York River or in the mainstem Bay suggesting heavy

metal contamination in the JamesS°

porary survey
of hard clam resources is urgently needed

Further the early life history of hard clams in the Bay has

not been investigated Larval settlement rates and annual

recruitment and the factors which influence theseprocesses
are poorly understood Basic research is needed to

address these problems

Harvesting
Hard clam stocks are susceptible to overfishingRecruitment

rates are poorly understood as are possiblereestablishment
periods if areas are depleted of clampopulations

by commercial harvesting Hydraulic dredges are

efficient harvesting tools capable of eliminating the bulk

of the clams in an area Patent tongs probably are much

less efficient and allow some clams to persist under

present fishing stress Control of the method of harvest is

a prudent measure to control fishing mortality

Mariculture
Hard clam mariculture is well established and easily could

be expanded into sites within Chesapeake Bay although

site specific salinity might influence clam growth and

hence the economic viability of mariculture endeavors

Toxics
Given the ability of hard clams to bioaccumulate toxic

substances an adequate system to monitor body burdens

of toxicants should be maintained The sublethal effects

on clams of toxic substances readily found in the lower

James River should be examined

CONCLUSION

The hard clam clearly is an important member of the

suspension feeding infauna and contributes significantly

to grazing of singlecelled plankton to coupling ofbenthicand pelagic food chains and to nutrient recycling in

Chesapeake Bay The hard clam also supports asignificantcommercial industry Information gaps in hard

clam distribution and abundance need to be filled The

deleterious effects of anoxia turbidity and toxic organic

and inorganic compounds on hard clams need to be

monitored carefully The hard clam is a suitable candidate

species for mariculture and is unusually free of natural

diseases and parasites
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Table 1 Literature reports of hard clam densities in the Virginia portion of the Chesapeake Bay

Site Density Reference Site Density Reference

clams m2 clams m2

Hampton Bar Aliens Island

James River 87111 68 York River 39 68

Gaines Point

Poquoson Flats 24 68 York River 68 68

Lower James River 0747 72 Mobjack Bay 1321 68

Table 2 Toxicity of petroleum products to hard clams25 All LC5o and EC50 values are in mgL1

Embryos Larvae

LC5o EC50

48 h 96 h 144 h 240 h 144 h 240 h

Kuwait crude

Southern Louisiana

12 25 131 20 157 42

crude 57 60 53 21 32 11

Bunker C 10 32 18 16 19 10
No 2 fuel oil 043 13 13 053 063 057
Florida Jay crude 023 025 011 055 029 022
Used motor oil 004 010

Table 3 Concentration of polynuclear aromatic hydrocarbons PAH by hard clams13 Uptake rate 28day
accumulation in mg kgd1 Clearance 28day clearance rate in mg kg1d1 BCF bioconcentration

factor

Compound Uptake rate Clearance rate BCF

Benzoaanthrene 2824 0172 16516

Benzoafluorene 994 0167 5943

Benzobfluorene 1190 0162 7332

Benzoapyrene 361 0087 4143

Benzoepyrene 2366 0148 15980

Benzoghifluoranthene 3384 0145 23306

Benzofluoranthene 1857 0180 10331

Chrysene 1190 0162 7335

Fluoranthene 1477 0213 6934

Methylphenanthrene 187 0115 1628

Methylpyrene 2002 0148 13571

Perylene 1133 0161 7059

Phenanthrene 224 0114 4072

Pyrene 1587 0194 8172

Total PAH 556 0137 4072



Table 4 Toxicity of pesticides to hard clam eggs and larvae4245

Compound Eggs 48 h LC5o Larvae 12 day LC50

mgL mgL

Insecticides

aldrin >10 041

coral 912 521

dicapthon 334 574

disyston 528 139

guthion 086 086

lindane >10 >10

N3514 <1 <1

sevin 382 250

toxaphene 112 <025

Herbicides

diuron 253 >5

endothal 5102 1250

fenuron >10 >5

monuron >5 >5

neburon <24 <24

Nematocide

Nemagon 10 078

Solvents

acetone >100 >100

allyl alcohol 103 <025

orthodichlorobenzene >100 >100

trichlorobenzene >10 >10

Bacteriocides Algicides

Fungicides etc

chloramphenicol
7429 50

Delrad 0072

Dowicide A >10 075

Dowicide G <025 <025

griseofulvin <025 <1

PVPlodine 1710 3494

Nabam <050 175

nitrofurazone >100 >100

phenol 5263 5500

Omazene 0081 0378

Phygon 0014 175

Roccal 019 014

Sulmet tinted >100 >100

Sulmet untinted >1000 >1000

TCC 0032 0037



HARD CLAM

Table 5 Accumulation and depuration of pesticides by hard clams

Compound Life stage Dose Accumulation Depuration Reference

pgL mg kg tissue mg kg tissue

DDT Adult 1 39 35 0 d 20

088 10 d
0161 20 d

1 7 d 6 05 15 d 21

0012518d 100±58 73

Kepone Adults 009a 1 06

Methyoxychlor Adults 4 13 gills 39

amean residue

0075 mantle

Table 6 Toxicity of tributyltin oxide TBTO to hard clam embryos and larvae106

Life Stage

Embryo

Larvae

Duration LC5o

hours NgL

24 >131

48 113 072131
24 >421

48 165

96 0015

Table 7 Toxicity of surfactants and syndets to eggs and larvae of hard clams71 All values in mgL1 unless

otherwise specified

Compound LC50 EC50

Anionic

Alkyl Aryl sulfates 155 055300
AAS1 583
AAS2 098
AAS3 103

Alkyl sulfate 122 073146
AS1 047

Cationic 034 001100
C1 127

C2 085 pgL1
Nonionic 266 100500

N1 077
N2 175



Table 8 Toxicity of inorganic compounds and heavy metals to various life stages of hard clams

Compound Life Stage Test Concentration

uptake rate or percent growth

Reference

ammonia Juv adults 96 h LC50 110172 mgL 53

nitrite Juv adults 96 h LC5o
18185 mgL 53

chlorine Larvae 48 h EC5o 6 gL1 107

48 h EC5o <6 gL1 110

48 h LC5o 1 gL1 107

Ag Embryo 48 h LC5o 0021 mgL1 28

48 h LC1oo 0045 mgL1 28

Larvae 10 d LC5 00186 mgL1 31

10 d LC50 00324 mgL1 3031

10 d LC95 00462 mgL1 31

Growth LC95 662 31

Adult 96 h Dose a 30

Cu Larvae 10 d LC5 00049 mgL1 31

10 d LC5o 00164 mgL1 3031

10 d LC95 00280 mgL1 31

Adult

Growth LC50

accumulation

517 31

05 mgL1

84 d depletion

006 g kg1d1

50 mg kg 1d1

103

103

Fe Adult 84 d depletion none observed 103

Hg Embryo 48 h LC5o 0166 mgL1 28

48 h LG oo 00075 mgL1 28

Larvae 10 d LC5 0004 mgL1 28

10 d LC5o 00147 mgL1 3031

10 d LC50 00147 mgL1 31

10 d LC95 00254 mgL1 31

Growth LC50 687 31

Adult 84 d Depletion 120 mg kg1d1 103

Mn Adult 84 d Depletion 95 mg kg1d1 103

Ni Embryo 48 h LC50 031 mgLL1 28

48 h LCGoo 060 mgL1 28

Pb Embryo

Adult

LGt oo

accumulation

12 mgL1 28

02 mgL1 063 g kgld1 103

Zn Embryo LC5o 0166 mgL1 28

LCtoo 025 mgL1 28

Larvae 10 d LC5 0050 mgL1 31

10 d LC50 01954 mgL1 31

10 d LC95 03410 mgL1 31

Growth LC50 616 31

a0100 mg kg
1

accumulation in gills increased oxygen consumption
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The
blue crab is one of the most important species in

the Chesapeake It leads the list of economically

important species and would be near the top of a list

of ecologically important ones Bivalves crustaceans and

fish are its favored foods and blue crabs themselves are

important in the diets of striped bass eels and numerous

other species

Hatching occurs near the mouth of the Bay in summerand

larvae are exported to the continental shelf wheredevelopmentoccurs The number of postlarvae that return to

repopulate the Bay each year is greatly influenced by

weather conditions on the shelf during the planktonic

larval period Postlarvae that do make it back settle in the

lower Bay to metamorphose to the juvenile crab stage

Juvenile crabs spread throughout the Bay and its tributaries during the fall and the following spring

Submerged aquatic vegetation SAV beds and shallow nearshore areas are important nursery molting and

foraging habitats

Blue crabs utilize all habitats in the Bay from the deepest to the waters edge and from the most saline to

freshwater They are most abundant in deeper portions of the Bay duringwinter but prefershallower waters

during summer They may be driven fromthe water by hypoxic events and mortality occurs in crab pots set

in hypoxic water during summer

Although stocks appear to be thriving there is concern that overfishing may occur Shoreline development

and contaminantladen runoff water could degrade important nearshore molting and foraging habitats

Areas that are currently hypoxic in summer could provide additional foraging and living space in the future

if conditions improve

INTRODUCTION

Blue crabs are currently the most economically important

species in the Bay The annual harvest of hard crabs from

the Chesapeake accounts for more than 50 of USlandingsThey also play a significant role in the ecology of the

Bay because they are so abundant eat so many different

components of the system and are important in the diets

of numerous other species The population of blue crabs

in the Bay as measured by commercial landings varies in

size from year to year In the long term catch record there

is no indication that the population is declining but there

is concern that increased fishing pressure may causedeclinessimilar to those seen in other commerciallyimportant
Chesapeake Bay species

Current concerns for the future of blue crabs in the Bay

include potential overfishing loss of
nursery

and molting

habitat in submerged aquatic vegetation beds and in

shallow unvegetated nearshore areas and reduction in
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summer habitat area due to hypoxic conditions in deep

waters The Fisheries Management Plan for blue crabs

developed under the Chesapeake Bay Agreementaddresses
the issues of potential overfishing and habitat loss

Blue crabs have been studied extensively for nearly a

century and the scientific literature on this species is vast

A number of classical reviews of its biology and fishery in

the Chesapeake area were published between 1905 and

1987 20449298107140143144145 An annotated bibliography

on the fishing industry and biology of the blue crab

abstracted 742 publications predating 1970137 Two US
Fish and Wildlife Service Species Profiles werepublishedon the blue crab during the last decade one for the

South Atlantic states and the other for the Gulf of

Mexico1o8142Most recently in early 1990 a special issue

of the Bulletin of Marine Science was devoted to papers

on the blue crab

BACKGROUND

The blue crab is a decapod crustacean in the family

Portunidae Like other members of this family the blue

crab is a swimming crab Mature malesas large as 9 in 227

mm have been recorded from the Chesapeake Bay
Females vary considerably in adult size ranging from 55

to 204 mm in carapace width Blue crabs inhabit depths

from the waters edge to 90 meters but are most abundant

in depths less than 35 meters The original geographic

distribution of this crab was from Nova Scotia to northern

Argentina but the species has been introduced to Europe

and the Mediterranean Sea and has been reported from

Japan55156 Along the coasts of the US the blue crab is

found in abundance from Texas to New Jersey Although

the Chesapeake has been the major producer ofcommercialblue crabs it is clear from its distribution that the

species can adapt to a variety of habitats

During the course of its life the blue crab utilizes all

habitats within the Chesapeake Bay Mature femalesmigrateto the high salinity waters near the mouth of the Bay

where spawning occurs during the summer months

Newly hatched larvae swim to the waters surface where

they are swept out of the Bay by surface currents Larval

development is completed in continental shelf waters and

the survivors return to the Bay as postlarvae and
early

juveniles in late summer and fall Juveniles disperse

throughout the Bay and its tributaries where growth and

maturation occur The young crabs require 14 to 18

months to reach adulthood and do not grow during the

winter months Crabs tend to be most abundant in the

shallower areas of the Bay during warm weather and are

plentiful in the deeper portions during the winter months

Distribution
The distribution of blue crabs in Chesapeake Bay varies

with
age

and sex of the crabs and with season In a

baywide trawl and dredge survey Lippson7z737475 found

that during winter juvenile blue crabs having a modal size

of 25 mm were concentrated on muddy bottoms in water

35 to 50 f
t 1217 mdeep in midbay Few juvenile crabs

were found north of the Choptank River or upstream of

river mouths during the winter months but by June they

had scattered and occupied rivers and tributariesthroughout
the Bay Densest concentrations in June were still in

the midbay region but included the Choptank River The

highest concentrations of juvenile crabs in Virginia waters

were in the rivers

A Baywide survey in May 1969 found crabs as far north

as Pooles Island near the head of the Bay for the first time

since the previous November Juveniles were stillabundant
in the deeper waters at Cove Point during May but

the pattern of depth preference reversed during June and

almost no juveniles were found in water deeper than 30

f
t 10mDuring the period frommidJuly to midOctober

large numbers of adult crabs were found throughout the

Bay and its tributaries There were even large numbers of

crabs in the upper Bay as far north as the Susquehanna

River flats Lippson reported that there were recordnumbers
of blue crabs in the Bay in 1969 and that in the fall

large numbers of crabs in poor condition perhapsbecauseof limited food moved out into deeper water and

muddy bottoms as water
temperature decreased

During February 1970 the mid and lower Potomac River

was sampled Many adult crabs were found but fewjuvenileswere present Large numbers of subadultjuveniles6090 mm were present in the Cove Point region

during November to January along with smaller numbers

of the new year class in the 20 to 30 mm size class In April

a smaller size class 1120 mm of juveniles was found

moving upBay through the Cove Point region Winter

mortality was reported to be 193 in the Cove Point

region considerably higher than the 33 found thepreviouswinter Water
temperatures were similar during

both winters and Lippson felt that the poor condition of

the overwintering crabs contributed to the higher winter

mortality

The new year
class was detected in Tangier sound in

August of 1970 they were also present in the Patuxent

River and at Cove Point A survey of Pocomoke Sound

Tangier Sound and the Pocomoke Nanticoke and

Wicomico Rivers during September found the highest

concentrations of juveniles in salinities ranging from 12 to

18 ppt During the same time adults were most abundant

in lower salinites of 1014 ppt

Recruitment of the new year class to shallow areas near

Solomons Maryland began in early August of 1970 and

reached a peak in late September and early October By
November 1 the numbers in shallow water declined

rapidly and it was found by dredging and scubaobserva62
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tions that the young crabs had moved to mud bottoms in

deep water

During the summer the CD Canal was occupied by low

densities of juvenile crabs mostly males During winter

and early spring the catch in the Canal and nearby Bay

sites was zero or nearly so Salinity in the Canal ranged

from 06 to 23 ppt during the period from March 1971

through August 1972 and males outnumbered females by

about four to one during this period Sampling in Tangier

Sound during August of 1971 and 1972 prcduced 38 and

87 times the catch of blue crabs in the CD Canal during

the same month The authors concluded that the CD
Canal was not a significant avenue of exchange of blue

crabs between Delaware Bay and Chesapeake Bay90

In a 14year study at Calvert Cliffs in midChesapeake Bay
Abbe found that the number of female crabs in his

samples continued to increase throughout the season

May to October and were more numerous than males in

September October and November He found a peak

catch in his pots in October which he attributed tomigratingfemales moving to the lower Bay for overwintering

and spawning Of the 57078 crabs caught during his

study 515 were males

The winter dredge fishery is confined almost entirely to

water deeper than 9 meters from Cape Henry to the Wolf

Trap light but some winter dredging has been done from

Wolf Trap north to the Maryland state line81 Theoverwinteringpopulation is joined in the spring by mature

females migrating to the lower Bay to spawn56 which

suggests that some mature and nearly mature females

overwinter in midBay areas andor in the deeper portions

of rivers In New Jersey bays winter dredging is done in

waters only 23 meters deep As in the Chesapeake the

catch is largely mature females 8541 In Chincoteague

Bay adult female crabs tagged in the fall were recovered

close to their release site following summer16 SinceChincoteagueBay is very shallow maximum 23 m it is clear

from these two studies that mature females do not require

deep water to overwinter successfully

Population Status and Trends
The blue crab population as measured by commercial

harvest has varied greatly over the 110 year history of the

fishery There is a general upward trend in the catch

record that probably reflects increasing fishing pressure

rather than increasing abundance of crabs So far the crab

population appears to be sustaining itself in the face of

increasing fishing pressure
and changes in the water

quality and ecology of the Bay However there isincreasingconcern by biologists managers and watermen that

the blue crab may become overexploited by increasing

fishing pressure

Commercial fishing for crabs includes capturing peelers

35 inches 85 mmor larger for crab shedding operations

hard crabs of both sexes larger than 5 inches 121 mm
overwintering crabs that are mostly mature females and

eggbearing females in the summer in Virginia waters In

addition to the commercial catch there is a largerecreational
catch each year This level of exploitation led Truitt

to write of the blue crab that Few animals indeed could

withstand such drafts upon them at all seasons of the year

while breeding while carrying eggs while molting while

hibernating and while in the several stages of growth140

Historically years
of poor catch have caused alarm and

overfishing and wastage in the industry have been

blamed As long ago as 1924 Maryland crab packers

predicted annihilation of the industry and Dr Radcliff the

Deputy US Commissioner of Fisheries recommended that

Virginia should prohibit catching sponge crabs and

should shorten the winter dredge fishery from 6 to 3

months He also recommended that both Maryland and

Virginia should increase the legal size of hard crabs from

5 to 6 inches 121 to 145 mm and Maryland should

increase the legal size of soft crabs from 3 to 35 inches

72 to 85 mm Both states were encouraged to prevent

the taking of green peelers for shedding because most of

them died29

Similar recommendations have been made from time to

time when the catch has been lower than in previous

years
98107140 and the 1989 Fisheries Management Plan for

Blue Crabs contained the same recommendations that

Radcliff set forth in 1924

A recent study of the distribution and abundance ofoverwinteringblue crabs in the lower Bay found that crabs

were more abundant in water deeper than 9 m where

sediments contained 4080 fine silty sand Crabs were

less abundant in both coarser sediments and finersediments
In high energy spit and shoal areas characterized

by highly mobile sandy sediments crabs were rare or

absent They were most abundant in basin areas least

abundant in shoal areas and intermediate in abundance

in channels Mature females accounted for 9098 of the

catch in this study 1
8

In 1948 Pearson concluded that changes in abundance of

crabs were due to natural causes and suggested that

varying annual rates of survival of young crabs prior to the

time they entered the fishery were responsible forfluctuations
in the catch He could not find a correlation between

winter air temperature and the series of fluctuations in

annual abundance of crabs between 1930 and 1944 He

did however write that the volume of discharge of the

James and Potomac Rivers during the spawning season of

the blue crab was negatively correlated with the index of

annual abundance of adults taken in the second winter
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after hatch This led him to suggest that abundance of

crabs was related to river flow107 The fact that tropical

storm Agnes turned most of the Bay to fresh water inJune

of 1972 but had no apparent effect on the catch of crabs

in the following years tends to discredit Pearsons river

flow hypothesis

Biologists today generally agree
that large annualfluctuationsin abundance of crabs are likely due to variable

weather conditions on the continental shelf during the

planktonic larval phase of the life cycle Unfavorable

conditions may carry large numbers of larvae away from

the Bay and result in poor crab years whereas favorable

conditions may bring large numbers of megalopae back

to the Bay resulting in good crab years a year or two later

Until recently no relationship was evident between the

size of the spawning stock and subsequent recruitment of

blue crabs 107131145 However a recent analysis of

fisheryindependenttrawl data from the York River covering the

years 1972 to 1988 and a reanalysis of Pearsons data has

shown that both a stockrecruitment relationship and a

recruitstock relationship exists for the blue crabs of the

Chesapeake Bay70 In other words when spawning stock

size is large more juvenile crabs are recruited and higher

numbers of juvenile crabs result in a larger spawning

stock These simple relationships are masked by abiotic

factors affecting recruitment of postlarvae and bioticfactors
causing varying survival of newly recruited young

such as predation food availability and cannibalism

LIFE HISTORY

After mating mature females known as sooks migrate to

the lower Bay in large numbers in late summer and fall

These females overwinter in the deeper basins of the

lower Bay and are joined in the spring by more females

whose migration was interrupted by cold weather in the

fall In the spring eggs are fertilized by sperm stored over

winter by the females The fertilized eggs are extruded and

attached to fine hairs on the abdomen A female may carry

750000 to 8000000 eggs
and is called a sponge crab°

Eggs are carried about two weeks before they hatch and

a female may spawn more than one time Hatching occurs

fromJune through September143 The newly hatched larva

is called a zoea and looks nothing like the adult crab The

zoea swims near the surface of the water and molts six or

seven times to progressively larger stages At the last larval

molt the zoea metamorphoses into a postlarval form

known as the megalops The megalops has claws like a

crab and is a strong swimmer but it also can crawl on the

bottom Eventually the megalops settles andmetamorphosesto the first crab stage which looks much like the

adult blue crab but is only about 25 mm from point to

point Development from hatching to the first crab stage

may take from 45 to 60 days or more depending on

temperature during which time the larvae may be tr
a
n
s
p
o
rt

e
d

great distances in the surface waters of theMidAtlantic
Bight130

Little more than a decade ago it was widely accepted that

the large spawning population in the Chesapeake Bay

produced larvae which developed within the Bay and

became the juveniles of the new year
class However

Sandifer found no evidence for retention of blue crab

larvae in Chesapeake Bay and he suggested thatrecruitmentwas probably from immigration of postlarvae and

juveniles from coastal waters117 Researchers in other

geographic areas also had evidence that larvae were not

retained near their spawning grounds South of Cape

Hatteras two separate studies reported larvae as far as 64

km offshore28°99 Tagatz concluded that although early

development occurs within a few km of shore in Florida

waters growth after the second zoeal stage takes place

farther offshore and at least some blue crab larvae return

to inshore waters as megalopae133 Biologists in Texas also

found that zoea larvae developed offshore andmegalopaeof blue crabs reinvaded bays and coastalestuaries58°93
This postlarval stage may penetrate far into

estuaries before metamorphosing into a juvenile crab In

a long term study of North Carolina estuaries Williams

found blue crab megalopae as far as 80 km inland from

the nearest ocean inlet and emphasized that dispersal

during this postlarval stage was substantial154 In the

Chesapeake megalopae penetrate as far as Tangier Island

unpublished data R Orth Virginia Institute of Marine

Sciences VIMS before metamorphosis and rarely as far

as the Patuxent River17

In 1978 a broad program of research was initiated under

the auspices of the Office of Sea Grant to determine the

true source and mechanism of recruitment of blue crabs

to MidAtlantic Bight estuaries The program wasconductedby investigators at the University of Maryland the

University of Delaware and Old Dominion University It

involved extensive and intensive field sampling todetermine
vertical and geographic distributions of variouslarval

stages with respect to Chesapeake and Delaware bays

experimental studies on behavioral adaptations anddispersalmechanisms of larvae and descriptions of physical

oceanography of the system in which larvae aredispersed
Findings of these investigations have beensummarizedin a number of publications785124128

Laboratory studies showed that first stage larvaepossessedbehavioral traits that would bring them to the

surface and that early larvae would thus be transported

out of the
estuary with the surface waters 132 Field studies

confirmed that stage I zoeae were found predominantly

in surface waters in the mouths of both Chesapeake Bay
and Delaware Bay2735111 Later zoeal stages were found

offshore and remained in surface waters3486
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Although circulation patterns on the shelf are dominated

by a mean southward flow of water larvae may be

retained near the Chesapeake by prevailing southwesterly

winds during summer which can produce a band of

northerly flowing water on the inner shelf Movement

back to parental estuaries appears to occur during the

megalops stage53 but the mechanism for transport has

remained unclear
355455

Duration of the megalops stage is greatly prolonged by

decreased temperature Megalopae could therefore use

the slow onshore residual drift in cool bottom waters for

transport back to the mouth of Chesapeake Bay130 Once

near the estuary mouth megalopae may be using tidal

flow to reinvade the estuary In the laboratory blue crab

megalopae respond to changes in hydrostatic pressure by

swimming faster and upward 94129
a behavior which

could provide a mechanism for using tidal currents for

transport In the field megalopae were absent from the

water column on ebbing tides but present in samples

taken during flood tides35 The hypothesis that megalopae

enter estuaries by rising into the water column on flooding

tides has been supported by further field studies1376

A recent study presented evidence that megalopae near

the mouth of the Bay are transported into the Bay during

windforced inflow events that bring large volumes of

shelf water into the bay positive volume anomalies

During the 19851987 recruitment seasons 12 of 16 pulses

of megalopal settlement at the VIMS pier occurred during

positive volume anomalies The largest settlement event

in 1985 was associated with Hurricane Juan which moved

about 8 km3 of shelf water into the Bay Although that was

the largest storm surge in 28 years the authors reported

that positive volume anomalies occurred during thenormal
period of megalopal recruitment an average of 10

times each year The authors suggested that because it is

virtually certain that several major inflow events will occur

during the season when megalopae are present these

events may represent one of the most important pathways

for reinvasion of the Bay by megalopae Because the

inflow events are highly variable in timing number and

intensity from year to year they may account for a large

part of the variability of megalopal recruitment andultimatelyrecruitment to the adult population39

Sulkin and Epifanio128 concluded that because the major

factors regulating yeartoyear variation in recruitment

success are most likely physical hydrographic ones

namely flow reversal in summer and onshore surface

flow in fall measurements of spawning stock size or

measurements of larval abundance on the shelf areunlikelyto provide useful predictions of future harvests

They went on to propose that The earliest point in the

life history providing a reliable measure of yearclass

strength is the appearance of postmetamorphic juveniles

in the lower estuary

BLUE CRAB

Recent research at VIMS has focused on daily seasonal

and annual variations in abundance of megalopae and

postsettlement juvenile blue crabs and the nurseryfunctions
of different habitat types near the mouth of the York

River There is evidence that megalopae settlepreferentiallyin grass beds when they are present
103 Continuous

low level settlement of megalopae occurs from August

through November at the mouth of the York River at

temperatures ranging from 7 to 31°C However most of

the settlement during a four year period occurred between

September 24 and October 6 Peaks of settlement activity

ranging from 1 to 3 days occurred each year and coincided

with the full moon The largest settlement events occurred

during different times each year ranging from earlySeptember
to early November147 Settlement events were

correlated with availability of megalopae in the plankton

and more megalopae were nearing the molt to the crab

stage upriver than at the mouth Megalopae collected from

the bottom were also closer to molting than those in the

plankton71 Densities of planktonic megalopae varied in

both time and space with large variations occurring at

sites separated by a few hundred meters

In the middle Chesapeake Bay region Lippson75 and

Sulkin127 studied juvenile recruitment but not the relative

importance of habitat types Sulkin found that recruitment

to Tangier Sound began in September and October and

additional movement of youngofthe year
crabscontinued

into the following summer Recruitment of the new

year class occurred 2 to 4 weeks earlier at Smith Island

and Crisfield than in the Potomac and Patuxent Rivers and

in some years
when cold weather intervened small crabs

did not appear at the latter sites until the following spring

Sulkin hypothesized that transport of denser more saline

water toward the Eastern Shore the Coriolis effect might

account for the earlier appearance of juveniles in Eastern

Shore waters than in Western Shore rivers Sulkin may
have missed late fall arrivals because his sampling did not

extend
past early October in most years Recruitment of

the new year class can continue into November in the

upper Bay as far north as Annapolis48

As water temperature drops in the fall the young crabs

become less active and finally cease feeding as thetemperature
drops below 10°C or so The small crabs burrow

in the bottom especially during daylight hours81 and

overwinter in shallow grassbeds shallow muddybottomsand in the deeper waters in midBay75105139 Little

or no growth occurs from December through March but

when the temperature rises in the spring the little crabs

become more active and begin feeding growing and

dispersing further into the rivers and tributaries and into

the upper Bay

Crabs entering the Bay as megalopae in August andSeptembermay reach adulthood by late summer or fall of the

next year Those arriving as postlarvae in October and
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November will probably spend their second winter as

large juveniles and reach adulthood the following spring

and summer Newly settled crabs molt every few days

when the weather is warm but as they increase in size

the length of time between molts increases About 18

molts are required to reach adult size

A female approaching her final molt is carried by a male

until she molts After molting while she is still soft mating

occurs After mating the male continues to carry the

female until her shell hardens The female then migrates

down the Bay to the high salinity waters to spawn I
f she

has matured early in the summer she will spawn before

summer ends and may overwinter to spawn again the

following spring Females maturing late in the summer or

fall will overwinter before their first spawning19140Although

it is generally accepted that females do not molt

after reaching maturity there is recent evidence that some

females may molt again43

Mature males may moltseveral times after reaching sexual

maturity In contrast to the females males do not migrate

to the lower Bay but remain in the upper portionsmigratingto deeper waters to spend the winter months Few

crabs live longer than three years

ECOLOGICAL ROLE

Predators
The larval and postlarval stages of blue crabs areprobablypreyed upon by a variety of small fish and gelatinous

zooplankton while in the plankton After settlement

megalopae may be preyed upon by grass shrimp sand

shrimp 102 juvenile blue crabs and a variety of fish that

feed in nursery areas

American eels are major predators on blue crabs In the

lower Bay blue crabs made up 3368 of the total volume

of food in stomachs of eels from the James York and

Rappahannock Rivers152 American eels were alsopredators
on blue crabs in New Jersey sea grass beds157

Striped bass may also consume large numbers of small

blue crabs One study found that striped bass longer than

25 cm contained up to 2025 small blue crabs each141

Numerous authors have reported that larger blue crabs

prey on smaller blue crabs 19234864133 Cannibalism may
account for as much as 90 of the mortality of juvenile

blue crabs in the Rhode River personal communication

AH Hines Smithsonian Environmental Research Center

Feb 23 1990

Other predators known to eat blue crabs include Atlantic

croakers cobia red drum black drum oyster toadfish

sand bar sharks bull sharks cownose raysspeckled trout

weakfish catfish gars largemouth bass loggerhead

turtles Atlantic ridley turtles herons egrets diving ducks

and raccoons
32392108145157

Food
Newly hatched blue crab larvae are very small and require

very small food itemsIn the laboratory they can be reared

through the first several molts by feeding them rotifers

andor larvae of polychaete worms After they have

molted twice they are large enough to eat freshly hatched

brine shrimp larvae In the field they probably eat rotifers

larvae of various worms and copepod nauplii when they

are very small and adult copepods may be a main food

itemas the zoeae grow larger

Although the blue crab has been characterized as ascavengerin the past studies on feeding habits of blue crabs

show that it is

also a voracious predator that is very likely

responsible for controlling populations of some bivalves

and fish Because it is highly cannibalistic the blue crab

may also control its own population density to some

extent Blue crabs have even been observed to rush out

of the water to catch fiddler crabs in the exposed salt

marsh4751 and reach out of the water as much as 7 cm to

pick marsh periwinkles from the stems of cordgrass42 In

addition to being predatory blue crabs also consume

plant matter and detritus especially when they are small

The diet of blue crabs varies with the size of the crab

habitat that it lives in and season of the year In Table 1

the results of four studies of the diet of blue crabs are

summarized

One study reported that young blue crabs fed primarily in

the early morning or at night whereas the stomachs of

adult crabs were fullest in midafternoon23 but another

study64 found no daynight differences in total foodconsumptionin subtidal habitats In a 24 h study comparing

feeding of 60130 mm crabs in a marsh creek and seagrass

bed feeding was related to tidal cycle in the marsh creek

Overall stomach fullness of crabs in the grassbed was

higher than in the marsh creek probably because feeding

could continue through all tidal cycles in the grass bed 114

Using an ultrasonic
tag

that emitted a special signal when

a crab was feeding Wolcott and Hines found that a crab

exhibited 27 feeding bouts per day During the 96 h

period when the crab was tracked in the Rhode River no

diel or tidal
pattern of feeding was evident60

Detritus formed 1927 of the diet by volume of crabs

measuring 30194 mm in Lake Pontchartrain Louisiana

The proportion of mollusks in the diet of crabs increased

from 34 in 3074 mm crabs to 63 in the largest crabs

Crabs and other crustacean remains formed a declining

portion of the diet as crabs increased in size ranging from

36 of the diet of the smaller crabs to only 10 of the diet

in larger crabs Fish were not important in the diets of

small crabs but in larger crabs they formed as much as

540 of the food consumed Vegetable matter wasimpor66



BLUE CRAB

tant 12 of volume in only one size group of crabs

measuring 75124 mm23

Blue crabs would eat amphipods in an aquarium but

were less efficient predators on amphipods than two

species of shrimp and several fish species But in another

study the same author found that his experiments with

blue crabs were equivocal In the lab a significant

decrease in total macrobenthos occurred but in fieldinclusion
cages total macrobenthos increased dueprimarilyto large increases in amphipod abundances In the field

only the numbers of two snail species decreased in cages

that included a blue crab Further analysis of these data

showed significant reductions in abundance of fivespeciesof polychaetes in laboratory experiments but not in

field experiments959697

Another researcher found that blue crabs ate a variety of

polychaetes in the York River and that softshelled clams

coot clams and other clams were nearly eliminated by

blue crabs and spot He concluded that polychaetes and

bivalves living near the surface were most vulnerable to

crab predation and that blue crabs probably controlled the

size of the population of bivalves during the warmer

months 1411149 Similar findings were reported frompredatorexclusion studies in the upper Chesapeake bay5°

In laboratory studies blue crabs measuring 7074 mm in

carapace width ate an average of 188 small Atlantic

ribbed mussels per day over a 7 day period Crabs chose

smaller mussels when a range of sizes was available

About equal preference was shown for all mussel sizes

below 25 cm a size that is easily crushed by blue crabs

In short term experiments crabs showed no preference for

Atlantic ribbed mussels over another speciesBrachidontesbut preferred the formerover oysters of similar size122

Small to medium sized crabs in the Newport River estuary

North Carolina appear to specialize on Atlantic ribbed

mussels The crabs follow flood tide into theoystermusselzone and feed until the tide recedes51 Intertidalpredation
on another species the blue mussel was observed in

New Jersey109

In intertidal marshes blue crabs exhibited a distinct

species preference for the marsh periwinkle Intermediate

size classes of the snail were preferred over larger and

smaller ones Killifish also were preyed upon by blue

crabs in the marsh and crabs selected large fish as was

found also by another researcher59 who concluded that

the blue crab was the major predator on adultmummichogsin the marsh The Atlantic ribbed mussel was not

a preferred prey in this study and there was no evidence

of size selection for this prey153

Over 4000 blue crab stomachs from the Apalachicola

estuary in Florida were examined64 Pooled data from all

sizes dates and stations are summarized in Table 1 The

remainder of items found including ostracods insect

larvae polychaetes mysids amphipods and other items

each accounted for less than 1of the diet

Clear differences in diet between size groups of blue crabs

were found in this study64 Although bivalves were by far

the most important food for all three size groups juveniles

measuring less than 31 mm in carapace width ate more

plant matter ostracods and detritus than the larger size

classes Fishes gastropods plant matter and xanthid crabs

were important components of the diet in the middle size

range 3160 mm whereas fishes xanthids and blue

crabs ranked highest in the diets of crabs larger than 60

mm

Seasonal and spatial differences in diet were most evident

in the smaller crabs and were related to habitat and

seasonal availability of prey The author concluded that

11

all crabs utilize whatever food items are locallyavailable
at any time ° and that because the species feeds

upon almost every dominant food item in the system blue

crabs are a crucial factor in the food web and may play an

important role in determining abundance and fluctuations

of many of its prey He cautioned that because they were

omnivorous detritivorous cannibalistic and scavengers

it is difficult to place them at any one trophic level In

addition because of the ontogenetic changes in diet he

suggested the use of trophic stages in food web models

and noted that the food web should be treated as dynamic

and flexible in time and space64

In a study of the diet of blue crabs from bays and marshes

in Texas all crabs were caught nearshore during daylight

hours The author concluded that in these shallownearshore
habitats blue crabs occupied detritivore omnivore

and primary carnivore trophic levels

In contrast to other studies this study found that plant

material formed a significant portion of the diet of blue

crabs Small crabs measuring less than 31 mm carapace

width utilized vascular plants algae and foraminifera

more than the mollusks fish and crustaceans found in

crabs larger than 60 mm The large amount of plant

material in the diet of these crabs was attributed to the fact

that 73 of the animals were collected along salt marsh

and brackish marsh shorelines Other authors found lesser

quantities of plant material in crab diets

An ontogenetic trend of increasing predatory behavior

with increasing size of blue crabs was found in another

study Detritus formed an important component of the

diet in crabs 1060 mm in carapace width Crabs and

bivalves were the most important dietary items in the

largest crabs 126150 mm Amphipods polychaetes and

foraminiferans were important in the diets of the smaller

crabs but not in the diets of crabs larger than 60 mm126
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Large softshelled clams attain a partial refuge from blue

crab predation by deep burial but size or shell strength

did not afford protection from blue crabs45 Predation on

large 4860 mm clams by adult blue crabs was lower in

sandy substrates than in mud and predation was lower in

sand at low densities than at higher densities These

authors reported that blue crabs became satiated after

eating an average
of 825 clams in 72 hours69 About 50

of the diet of blue crabs in the Rhode River is composed

of softshelled clams and Baltic clams160

Another example of the blue crabs voracious appetite

was a study that found that large male blue crabs could

eat up to 142 small 15 mm shell height oysters per crab

per day As many as 27 oysters measuring 25 mm each

could be eaten by a crab in a single day The author

concluded that predation by large male blue crabs could

lead to local extinction of juvenile oysters in this size

range30

Because of its varied diet the blue crab has manycompetitorsFor example American eels spot mud crabs and

canvasback ducks are just a few of the organisms that also

prey on clams one of the major items in the diet of blue

crabs Changes in abundance of these and othercompetitorswill very likely affect the population of blue crabs

HABITAT REQUIREMENTS

Water Quality
Dissolved Oxygen
Blue crabs generally avoid areas with low dissolved

oxygen concentrations They may even leave the water in

large numbers to escape hypoxic water In theChesapeakethese events when crabs emerge from the water

are known as crab wars in Alabama such events are

termed jubilees The catch of crabs in pots set in hypoxic

water is generally much lower or near zero than in water

with adequate oxygen personal communication W
Goldsborough Chesapeake Bay Foundation and crabs

in pots in hypoxic waters are often dead when the
pots

are pulled

Carpenter and Cargo found that a P02 of about 50 mm
mercury 3236 of saturation is lethal to animals in pots

that cannot escape They found about 50 mortality or

more in crab pots when oxygen was less than 20 ppm
below 7 m depth

Hypoxic conditions occasionally occurred at Kenwood

Beach on the Western Shore in midBay in 310 m of

water during July and August The episodes lasted for 13

days and oxygen concentrations ranged from 01 to 30

mgL1 During these periods the catch was much reduced

and crabs in the pots were dead or nearly so1

Officer et al 101
reported that watermen from Tilghman

Island said that before 1965 crabs were abundant in deep

water > 20 mprior to midMay and after midSeptember

but that there was no longer any deep water crabbing

During the summer of 1982 no crabs were caught inwater

deeper than 4 m Citing a personal communication from

AC Carpenter Potomac River Fisheries Commission

these authors reported that all crabs below 6 m in the

lower Potomac died in 1973 and that crabs were driven

ashore in large numbers in many late summer periods

Reports of crab wars in which tens of thousands of crabs

crowd into shoal waters and may actually leave the water

were also cited for the midBay region They noted that

anoxia may reduce the food supply of benthic feeders

crowd them into a smaller volume and exclude them from

the food supply and space previously available

One study determined LC50 values for juvenile crabs

measuring 2854 mm at a salinity of 10 ppt The 28 day

LC50 was 79 of saturation at 30 °C The seven day LC50

was 65 of saturation at 30 °C125 These are relatively high

oxygen concentrations suggesting that there may have

been problems with these experiments The LT50 to

anoxia was less than one day at 20 and 30 °C which seems

reasonable

In contrast to these findings de Fur et al 26 had less than

20 mortality in 23 and 25 day experiments of continuous

exposure to 5055 mm of mercury 35539 saturation

There was no mortality in sevenday experiments at this

level of hypoxia Temperature was 2123 °C and salinity

was 500530 mOsM roughly 15 ppt in these experiments

Crabs became active when p02 fell to 50 mmmercury but

became quiescent for the duration of the hypoxicexposureAnother study also reported that crabs became

active when exposed to hypoxia < 05 ppm andremained
active for 1030 minutes before they became

quiescent and eventually moribund in 2 h at 32°C and 43

hr at 25°C Moribund crabs would die if not returned to

normoxia within 1015 minutes79

Salinity
Blue crabs inhabit all regions of the Bay from the high

salinity region at the mouth to tidal fresh waters3625 but

they are most abundant in waters of intermediate salinity

Larval blue crabs are much less tolerant of low salinity and

must be in water having a salinity greater than 20 ppt in

order to survive In the laboratory larvae survive in the

highest numbers at a salinity of 30 ppt22

Turbidity
No information was found on the effects of turb r n

blue crabs Veymight interfere withswimmingof the tiny first larval stages found in the mouth of

the Bay during summer but de rimental effects onjuvenueand adult crabs seem unlikely
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TemperatureThe 48 h temperature tolerance limits of blue crabsacclimatedfor 21 days to four temperatures and twosalinitieshave been determined Tolerance of juveniles and

adult females was similarand was decreased by lowered

salinity The upper temperature limit of crabs acclimated

at 30°C and 34 ppt was 39°C and the lower limit of these

crabs was 4649°C Crabs acclimated at the low salinity

68 ppt and 30°C had upper limits of 37°C and low limits

of 5360°C At the lowest acclimation temperature of 6°C

the low temperature tolerance limit was less than 00°C

Crabs acclimated at this low temperature and either 34 ppt

or 68
ppt

had upper tolerance limits of 33°C and 315°C

respectively
135

Blue crabs exhibited a wide
range

of temperaturepreferencein a power plant cooling pond Crabs appeared to

choose the warmest temperatures and exhibited nopreferencefor a specific temperature range The largestnumberof crabs were captured in areas of the pond where

temperature ranged from 350 to 374°C At the extreme

high temperature of 418°C most crabs captured in pots

were moribund or dead68

crabs were more prone to winter mortality than immature

crabs < 5 inches 121 mm Although landings of adult

crabs were depressed in early spring through midsummerexamination of catch records shows that the total

catch for the Bay for 1977 and again for 1978 was higher

than for 1976 In the BITE report Sulkin noted thatalthoughLippson
5
reported the highest winter mortality in

1970 of a four
year period the highest soft crab landings

and the second highest hard crab landings of that period

occurred in 197062 Thus there appears to be little relation

between winter kills of blue crabs and subsequentharvest
Although it has been generally accepted that all blue crabs

migrate to deeper water as the water temperature drops

in the fall juvenile blue crabs have been found to over

winter in shallow water habitats in lower Chesapeake Bay
New Jersey and Texas 105139159

It is also generallyacceptedthat crabs remain buried and inactive during the

winter months However one study has shown that crabs

buried in response to light at low temperatures but moved

around and even fed to some extent in the dark This study

also noted that Truitt found that overwintering females in

the lower Bay moved about in schools81

In a laboratory study of the effects of low temperature

locomotor activity of juvenile crabs ceased when water

temperature fell to 55°C When temperature was elevated

to 125°C nine days later crabs again became active146

In long term survival tests Van Heukelem and Sulkin

unpublished found that juvenile crabs less than 15 mm
could survive 1°C for 30 days at salinities of 10 and 20 ppt

Only about 50 survived for 30 days at 1°C and 5 ppt

more than 40 died in 20 days at 3°C and 5 ppt and there

was more than 50 mortality in 20 days at 3°C and 25 ppt

These results and those of Tagatz135 demonstratethat blue

crabs are less tolerant of low temperature at low salinities

Thus in areas of low salinity the migration of juvenile

crabs to deeper water during cold weather has survival

value

Low commercial catches have been blamed on winter

mortality due to unusually cold winters in a number of

cases According to Krantz62 Leidy made the firstobservations
of winter mortality in 1888 The poor commercial

harvest in 1902 was attributed to the severe winter of

19011902112 Large numbers of dead crabs occurred on

winter dredge vessels in two of the coldest winters on

record 19171918 and 19391940107

During the Bay Ice Team Effort Project BITE surveys in

February and March following the severe winter of197677revealed that the combined total mortalityof immature

and mature crabs at all 128 stations sampled was 48
Generally mortality was more severe in shallow water

< 50 ft than in deeper water and was more pronounced

on the Eastern Shore than on the Western Shore Adult

Suspended Sediments
In some flowthrough crab shedding systems silt may build

up and clog the gills of crabs resulting in mortalities49 No

information was found on the effects of suspendedsedimentson crabs in the field

Nitrogen
In closed crab shedding systems ammonia and nitrite can

reach levels that are toxic to crabs Ammonia levels should

be kept below 10 mgL149 Nitrite concentrations below

05 mgLare considered safe for shedding crabs Levels of

nitrite between 05 and 30 mgL1 are associated with

moderate mortalities in shedding crabs concentrations

between 3 and 10 mgL cause chronic mortality and

levels above 10 mgL1 are acutely toxic even to intermolt

crabs82

pH
Blue crabs showed a marked avoidance reaction to acidic

pH 46 and 58 runoff from clearcut timberareas and to

water of low pH in the laboratory In these studies there

was an inverse relationship between pH and avoidance

in the range of pH 45 to 70 In the field however small

crabs were more abundant during periods of high runoff

and low pH than at other times during a longtermsamplingprogram65

Structural Habitat
Grass beds are important nursery habitats for juvenile blue

crabs4546105 and peak densities of 5090 juveniles per

square meter have been reported by severalauthors91103105139The highest reported densities in grass
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beds were for the smallestsize classes < 11 mmand like

the abundance of megalopae the numbers of thesesmallest
crabs varied greatly from year to year and site to site

Abundance of larger juveniles was much more uniform

from year to year and from site to site within grassbeds

suggesting high mortality of the smallest crabs andor

migration out of the grass
beds after attaining larger size

Abundance of juvenile blue crabs was only about one

tenth as great in a nearby marsh creek as in a grass bed

during a four year study The smallest crabs were virtually

absent from the marsh creek and larger crabs that had

molted three or more times were not observed until two

to four weeks after settlement in the grass bed again

indicating migration out of grassbeds as the crabs grew

larger105

Heck and Thoman46 concluded that SAV beds in the lower

Bay were important nursery
habitats for blue crabs but

those in the upper Bay Eastern Bay were not These

authors sampled with a trawl however and other workers

have shown that trawls are very inefficient in comparison

to push nets crab scrapes
91 and drop nets combined with

suction sampling105 In addition a marked decline in

vegetation occurred in the upper Bay during the study

period and finally the area studied was too far up the Bay

to be colonized by the smallest and most abundant

juvenile crabs which use these habitats heavily in the

lower Bay Definitive studies of the relative importance of

vegetated and unvegetated bottom as recruitment and

nursery areas for the smallest blue crabs in Maryland

waters have not been done

In areas where the marsh is inundated by tidal water for

substantial periods the marsh surface can be an important

habitat for blue crabs Densities of blue crabs ranging from

13 to 221 M2 were found in salt marsh but only 0656
m 2 on bare sand and mud bottoms Where present

seagrass beds harbored the highest densities of crabs

28506 M2 On average crabs in the marsh were larger

than those in the seagrass beds139

The value of eel grass beds as refuges from predation was

shown in a New Jersey study The authors found that

tethered crabs were preyed upon at lower rates within

eelgrass beds than in adjacent bare sand patchesFurthermore
they reported that intermediate densities around

500 g m2 dry weight of eelgrass provided better refuge

from predation than either low or high eel
grass

densities

The authors thought that because the blue crabs main

mode of predator avoidance is to bury in the substratum

high density eel grass provided less protection frompredationbecause the dense root mass prevented burying

behavior by the crabs The dominant predators in this

habitat were the American eel oyster toadfish other blue

crabs and probably the smooth dogfish No effect of crab

size on the risk of predation was found in the range of

11110 mm157

Sea lettuce provided more protection from predation than

eelgrass beds during summer months but not in the fall
151

Higher predation rates were found in saltmarsh creeks

than in eelgrass beds supporting the hypothesis of Orth

and van Montfrans107 that predation and lack of suitable

refuge may contribute to lower juvenile crab abundance

in marsh creeks as compared to eelgrass beds

In contrast to earlier studies investigations in 1986 and

1987 found no difference in density of juvenile crabs in

eelgrass sea lettuce marsh creek and adjacentunvegetatedhabitats in New Jersey This lack of difference

was attributed to the very low abundance 03 m of

juvenile blue crabs during the study years Densities of

crabs were considerably higher in September 1988 when

mean numbers were 74 m2 in eelgrass 26 m2 inunvegetatedareas and 36 m2 in sea lettuce Abundance of

juveniles can vary greatly in space as well as time At a site

28 km to the north densities up to 40 m2 were found in

eelgrass beds in 1988159

There is evidence that eelgrass root mass and debris found

in marsh creeks may provide protection from overwinter

mortality of juvenile blue crabs Juvenile crabs were found

only in these habitats in March even though they were

found in unvegetated habitats the previous November159

In lower Chesapeake Bay molting activity is greater in

seagrass beds than in marsh creeks However it is not

known whether blue crabs actively seek grass beds for

molting or if they simply stop there to molt when moving

inshore from deeper water to molt In the upperChesapeakeBay where no grass beds were present crabs

nearing ecdysis moved into a tidal marsh creek where

molting occurred and migrated back to the river after

molting48

There is evidence of differing habitat use by sex in blue

crabs The proportion of females in grassbeds was about

55 but only about 37 of the crabs larger than 70 mm
and only 19 of the smaller crabs in the marsh creek were

females Crabs in the grassbed were smaller than those in

the marsh creek

Although seagrass beds have been found to be important

nursery areas for juvenile blue crabs estuaries in South

Carolina Delaware and southern New Jersey harborsubstantial
populations of blue crabs but are almost devoid

of seagrasses159 In addition it is interesting that although

there was a widespread and major decline in thedistributionand abundance of SAV species in the Bay from 1965

through 1980104 the decline in SAV was not reflected in

the commercial landings of blue crabs during the same

time
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There are no grass
beds in the Rhode River near Annapolis

and intermediate sized male crabs 80120 mm migrated

into a tidal marsh creek to molt and moved back to the

Rhode River after completing the molt The sexes were

unevenly distributed in this subestuary At the river

mouth 54 of the crabs were males whereas at the head

of the river 65 were males and in the tidal marsh creek

91 were males The authors pointed out that because

most of the crabs in the creek were in molt stages that did

not eat the creek provided a refuge from cannibalism

during molting48

In another study at this site crabs were fitted with

ultrasonic transmitters that changed pulse rate when the

crabs molted The crabs selected shallow areas averaging

28 cm deep within a few meters of shore for molting

About equal numbers molted during the day and night

Most of the crabs molted downstream fromthe weir where

they were captured which contradicted the evidence

gathered in the previous study that crabs molted upstream

of the weir All crabs did however remain in the creek to

molt instead of moving into the shallows of the Rhode

River161

The adaptive significance of habitat selection by molting

adult blue crabs was recently investigated in the Rhode

River This study found that pre and postmolt males were

more abundant in the tidal creek than in the river whereas

intermolt males and females approaching the terminal

molt were more abundant in the river No differences in

molting success or increase in size were found between

the two habitats The authors concluded that mateavailabilitywas the main factor influencing habitat selection by

the pubertal females and that tidal creeks provided a

refuge from predation for molting male crabs123

SPECIAL PROBLEMS

Petroleum hydrocarbons
Juvenile blue crabs were exposed to the watersoluble

fraction of South Louisiana crude oil for 21 days The crabs

were very tolerant of the crude oil LC50 was 4501 tgL1

on day 1 and declined to 3927 µgLl on day 21 Sublethal

effects included decreased energy intake and growthefficiencyin inverse proportion to concentrations from8202504
tgL1

150

Uptake of petroleum hydrocarbons by small blue crabs

from water and food also has been studied66 About 10
of benzopyrene methylcholanthrene and fluorenedissolvedin water was taken up by blue crabs after about

two days About 2050 of ingested radiolabledhydrocarbonswas voided in feces The crabs were able tometabolizethe materials and the rate of elimination was rapid

for the first three days after feeding The tissues examined

showed no tendency to retain hydrocarbons after transfer

to clean water

No differences in resistance of blue crabs to naphthalene

at salinites of 10 or 30 ppt were found116 Adult intermolt

crabs were exposed to watersoluble naphthalene at 0
375 and 75 of the 24 h TLm in a flow through system
The 24 h and 48 h TLm values were 24 and 23 mgL1

respectively At the lower salinity crabs responded to

both concentrations with increased ventilation and at the

higher concentration suffered increased tissue hydration

At the higher salinity crabs increased gill ventilation and

perfusion while experiencing dosedependenthemolymphalkalosis

Juvenile crabs exposed to daily doses of 1 mgLU1 benzene

in a static system had longer intermolt cycles slower rates

of limb regeneration and reduced growth increments at

ecdysis Actual concentrations in the static chambers fell

to about 03 mgLU1 after 6 h and stabilized at that level14

Contaminants
The larval stages of crustaceans are generally moresensitive

to toxic materials than the juvenile and adult stages

The sublethal effect most often seen in laboratory toxicity

tests with blue crab larvae is a lengthening of the larval

development period3233 Fortunately blue crab larvae

spend little time in the confines of the Bay where they

would be most likely to be exposed to toxic substances

Juvenile and adult crabs may be exposed to toxic materials

by burying in the sediment by runoff from urbansuburbanand agricultural areas and by eating contaminated

food especially bivalves

Acute toxicity of a variety of chemicals to juvenile blue

crabs has been determined at the US Environmental

Protection Agency Laboratory at Gulf Breeze Florida The

information in Table 2 was extracted from a 1987publication
by that laboratory Summaries of other toxicity

studies are given below

Polynuclear aromatic hydrocarbons
Tissue burdens of lipophilic polycyclic aromatic

hydrocarbons PAH of blue crabs from the southern

portion of Chesapeake Bay were studied by Hale40 Body
burdens were highest in hepatopancreas and least in

muscle tissue while ovarian tissue was intermediate

Alkylated PAH abundant in petroleum predominated

among the 76 compounds identified This

is in contrast

to the situation in bivalve mollusks and sediments of

Chesapeake Bay in which unsubstituted PAHpredominatedCrabs collected from the lower James river in

1981 carried the highest burdens median concentration

310tg kg1 followed by those from the upperRappahannock
at 200tg kg 1 Pocomoke Sound at 28 gg kg and

the midJames at 93 µg kg 1 In the laboratoryaccumulationof benzoapyrene from a solution of 03 mgL1 was

rapid and depuration was efficient but occurred at a

slower rate
40
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Hale also reported burdens ranging from 400 to 9820 gg

kg1 of chromatographically unresolvable complexmixturesin 39 of the hepatopancreas samples

Polychlorinated biphenyls
Researchers in South Carolina found up to 086 mg kg

1
of

polychlorinated biphenyls PCB in muscle tissue of adult

blue crabs taken at the outfall of a waste water treatment

facility The tissue burden was about equally divided

between 1248 and 1254 Much lower concentrations were

found in crabs captured only a few hundred meters

away
14 Maximum levels of 008 mg kgwere reported for

crabs from Maryland waters3 Blue crabs are known to

bioaccumulate PCB from water and sediment10° Other

workers have found the highest concentrations ofcontaminantsin hepatopancreas samples as opposed to other

tissues89 A maximum concentration of 130 jig kg
1

of PCB

was found in the hepatopancreas of adult female crabs

from a mid James River station40

Kepone
Kepone residues in crabs from the James River were as

high as 081 gg g
1 and coincided with a 90 decrease in

commercial landings of crabs from 1972 through 1975

Average kepone concentrations in typical blue crab prey

items from the James ranged from 009 to 20 gg g1 A

moratorium on the harvest of crabs from the James River

was in effect in 1976120 The plant that manufactured

kepone was closed in July 1975 by order of the Virginia

Health Department12 Kepone is very stable and remains

a problem because contaminated sediments can beresuspendedby dredging80 by storms and possibly bybioturbation
In laboratory studies 10 ggL1 of kepone was acutely

toxic to blue crab larvae Sublethal effects ondevelopment
time to the first crab stage were detected at 01 05

and 075 ggL1 kepone1112

Kepone in water appears to be relatively nontoxic to

adult crabs 96h LC50 > 210 ggL1119 Data on toxicity of

food containing kepone to juvenile blue crabs isconflictingGreater mortality occurred in juvenile crabs fed

oysters containing 19 gg g
1 kepone twice a week than in

control crabs but significant mortalitywas not detected in

crabs fed oysters containing 015 gg g1 kepone Signs of

poisoning included excitability followed by lethargy

convulsions and death120 In contrast another study

reported no significant mortality after 65 days in juvenile

blue crabs fed striped bass and oysters containing kepone

at 25 and 226 gg g1 respectively Reasons for thedifferent
findings in these two studies may include different

water temperatures pulsed feeding as opposed to daily

feeding and higher dose in the first study because of

smaller crab size37 The latter study did report sublethal

effects of kepone ingestion at levels found in foodorganismsin the James River These effects included in
c
re

a
s
e
d

respiration excitability and decreased ability to

locate and manipulate food The authors postulated that

these effects could result in increased mortality at the molt

in crabs molting in hypoxic waters because of higher

oxygen demand during the molt and increased mortality

frompredation due to the behavioral abnormalities found

Significant reductions in molting rate were found injuvenile
blue crabs fed oysters from the James River that

contained 015 gg 9
1 kepone Control crabs molted an

average
of 14 times in 56 days whereas those fedcontaminated

oysters only molted an average of 048 times120

Uptake of kepone in muscle of juvenile blue crabs fed

oysters contaminated at 015 gg g
1 and 025 gg g
1 was

rapid and no sign of depuration could be detected during

a 28 day period following exposure Some loss of kepone

was evident beyond 28 days but the compound still was

detectable in crabs held for 90 days in a keponefree

environment120

Mirex

Mirex is an organochlorine insecticide that is chemically

similar to kepone and is used in baits to control fire ants

Mirex was toxic to blue crab larvae at 10 and 100 ggL1

after 5 days of exposure Concentrations of 001 and 01

ggL1 had no effect on the duration of development of blue

crab larvae from hatching to the first crab stage8 Juvenile

blue crabs were poisoned by mirexbait but adult and

subadult 76127 mm carapace width crabs were not

affected by ten times the US Department of Agricultures

suggested application rate 7
8 Mirex leached from fire ant

bait was toxic to blue crabs at concentrations below 053

ggL1 during a 28 day continuous exposure It was most

toxic at high water temperatures typical of summer and

the earliest deaths occurred at six days Blue crabsconcentratedmirex by 2300 times over a 28 day period138

Mirex was absorbed through the gills and wasconcentratedin the hepatopancreas Exposure to solutions of

022 µgL1 mirex for 15 minutes to 16 hours resulted in

accumulations of 1631 µg g
1 of mirex in thehepatopancreasand 065 to 11 gg g

1 in muscle Crabsrespondedto the exposures by progressing from increased

aggressiveness to decreased aggressiveness to loss of

equilibrium and death although a few recovered121

Malathion
Some blue crab larvae could complete development

through the 46 52 day larval period in concentrations of

malathion ranging from 002 to 011 mgL However

sublethal effects on development time and mortalitywere

noted at all concentrations used Blue crab larvae were

most sensitive to this organophosphate insecticide in the

early stages of development zoeal stages IIII whereas

the nlegalopal stage was not sensitive to malathion at

these concentrations9 Blue crab larvae ewe less see itfve

to maiathion than larvae of a mud crab whereas the
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opposite was true of larvae exposed to the chlorinated

hydrocarbon methoxychlor1o

DDT
Juvenile blue crabs were unaffected by a ninemonth

exposure to 00003 mgL1 DDT but at 0005 mgL1 they

exhibited irritability and paralysis after a few days and at

concentrations greater than 0005 mgL1 they could only

survive a few days77 In a field study blue crabs were

found living in a Florida marsharea that was contaminated

with DDT The hepatopancreas and muscle tissue of these

crabs contained total DDTR residues of 390 and 143 mg
kg 1 No field mortality was noted in the contaminated

area until winter when the water temperature dropped61

Heavy metals

Effects of cadmium nitrate on survival and larvaldevelopmentof blue crabs have been found Exposure toconcentrationsof 005 and 015 mgL1 for 240 hours caused a

50 increase in the development period at all salinities

tested 10 20 and 30 ppt At the lowest test concentration

005 mgL1 mortality was negligible at 30 ppt salinity

15 greater than controls at 20 ppt and 47 greater than

controls at 10 ppt Exposure to 015 mgU1 CdNO3 resulted

in mortalities 3257 greater than controls at all three

salinities At the highest concentration 025 mgL1 all

larvae died at all salinities113 It should be noted however
that a salinity of 10 ppt is lethal to blue crab larvae and 20

ppt is stressful

Chlorine chlorine produced oxidants and
other halogenated compounds
Kaumeyer and SetzlerHamilton57 cited three studies on

the effects of halogenated compounds on adult blue crabs

in their Table 7 The 48h LC50 for total residual chlorine

TRC at 25°C and 10 ppt was given as 075 mgL1 from a

study by Vreenegoor et al 1977 In another citation given

as Public Service E G Co 1978 an EC50 avoidance at

020 mgL1 was given for TRC Walker et al 1979 reported

an LC50 of 160 mgL1 for CPTH
3chloro4methylbenzenamine

hydrochloride These references were not

found in the bibliography given by Kaumeyer andSetzlerHamilton

The 96hr LC50 for blue crabs exposed to chlorinated sea

water at 21°C and 14 ppt was 084 mg Cl2 L1 fromchlorineproducedoxidants CPO Mortality was uncommon at

exposures below 061 mgL1 but reached 100 withexposuresof 115 mgL1 Decreased oxygen consumption

was measured after a two hour exposure to 079 mgL1
but was apparently a temporary effect as no consistent

changes in oxygen consumption were found in 96hexposuresto 099 mgL1 CPO Changes in the ventilation

rates of crabs were noted at the short term exposures but

not in the long term exposures No observable damage to

gill tissues were seen in histological preparations of gills
63

Exposures to CPO at 036 to 104 mgL1 did not affect

serum constituents except for magnesium Regulation of

this ion in the serum was disrupted during 96hrexposuresof crabs to 047 mgL1 CPO and higher The author

hypothesized that increased serum magnesium levelsinterferedwith neural activity and may have caused death63

He also noted that blue crabs were tolerant of chlorinated

sea water at concentrations only rarely expected in the

environment near outfalls In addition crabs could detect

low levels of chlorinated sea water and would probably

avoid concentrations that might cause sublethal effects63

Effects of cadmium on juvenile crabs were determined at

21 °C Reported 48h LC50 was 09 94 and 238 mgL1 for

crabs exposed at salinities of 10 150 and 35 pptrespectivelyConcentrations for96h LC50 were roughly onehalf

of the 48h values38

Adult blue crabs acclimated to various salinities were

highly tolerant of cadmium in the water Exposure to 1114

µgL1 cadmium was lethal within eight days but exposure

to 011 µgL1 and lower concentrations had no effect and

cadmium did not accumulate in tissues After a 27 day

exposure to 02 µgL1 cadmium only the gillshepatopancreasand carapace had cadmium concentrations

higher than the controls52

Acute toxicity of chromium as potassium dichromate to

juvenile blue crabs was determined at 21°C and atsalinities
of 10 150 and 35 ppt The reported 48h LC50 for the

three salinities were 390 1260 and 1300 mgL138

A 96h LC50 of 46 mgL1 for selenium as sodium selenite

was reported for juvenile blue crabs at 22°C and 30 ppt
151

cited in 57

Exposure to 10 µgL1 mercury significantly increasedmortalityof megalopae developing in 10 ppt seawater but did

not effect megalopae at salinities between 20 and 40 ppt

At 20 µgL1 mercury survival through metamorphosis was

reduced at all salinities Development time of megalopae

was prolonged by exposure to mercury The first and

second juvenile crab
stages were not affected by exposure

to mercury at these concentrations87

In a recent review ofthe effects of temperature and salinity

on the toxicity of heavy metals to marine and estuarine

invertebrates no studies of toxicity of arsenic copper

lead mercury nickel or zinc to blue crabs were cited88

Overharvest
As mentioned previously there is concern that increased

fishing pressure may become detrimental to the blue crab

population However the record of commercial landings



BLUE CRAB

does not indicate a decline in abundance of blue crabs to

date

Diseases

Diseases parasites and commensals of blue crabs were

reviewed by Millikin and Williams92 Although avariety of

diseases caused by viral bacterial and protozoan agents

are known their importance to natural populations has

not been established Many of the known diseases do

become problems under the specialized conditions found

in crab shedding operations

Two organisms that reduce the number of eggs hatched

in natural populations of blue crabs are a marine fungus

Lagenidium callinectes and a nemertean wormCarcinonemertes
carcinophilia The fungus may be very

prevalent in some years
and localities and may destroy

more than 24 of an egg mass The worms live in the gill

cavity of adult female crabs and migrate to the egg mass

after it is extruded Although the worms may consume

large numbers of eggs the impact on the population of

blue crabs is undetermined 92

Boat interference
No studies on the effects of boats on blue crab populations

were found in the literature However pollution from

marinas bottom paint toxic leachates from dock pilings

and bulkheads and mechanical factors such as substrate

disturbance and direct contacts all must affect the crab

population to some extent

Shoreline development
Because shallow nearshore habitats are importantmoltingand foraging areas for blue crabs shorelinedevelopment

may be a major threat to blue crabs The natural

landwater interface can be destroyed by bulkheading

and nearshore habitats are especially vulnerable todegradationfrom pollutants in urban suburban andagricultural
runoff to disturbance by boat wakes and to other

man induced changes

Power plants
Abbe concluded that the Calvert Cliffs nuclear power

plant had no effect on the population of crabs in the area

He also summarized reports on impingement studies at

this and other plants and noted that although millions of

crabs are caught on the plant screens each yearimpingementand subsequent washoff from the screens had

virtually no effect on survival of crabs

RECOMMENDATIONS

Habitat
Reduce the area of bottom covered by hypoxic water

during the summer months A DO > 3 mgL at 2528°C

should be safe for blue crabs Maintaining DO at or above

this concentration should provide more foraging and

living space for crabs

Preserve marshtoshallows interfaces and control runoff

of contaminants by limiting the effects of shoreline

development These nearshore areas are critical forfeedingand molting

Preserve existing SAV beds and restore beds that have

deteriorated Sea grass
beds are critical

nursery andmoltinghabitats

Reduce toxic inputs Because bivalves whichbioaccumulate
toxics are the most important component of the diet

of blue crabs crabs are susceptible to poisoning through

contaminated food

Monitoring
Monitor the population level of juvenile crabs using

fishery independent methods Declines in abundance of

juveniles may indicate that harvest restrictions should be

implemented

Research
Better data are needed on habitat use by size class season

and locality within the Bay Sea grass beds are important

habitats in the lower Bay but are much less abundant

north of Smith Island Most of the upper Bay bottom is

unvegetated We know little about the importance of

different substrate types and depths in areas where SAV

beds are absent Trawls and dredges do not sampledifferent
substrate types with equal efficiency and therefore

cannot provide realistic data on the relative importance of

different bottom types The use of dropnets combined

with suction sampling appears to be the method of choice

for this work

Better information on fishing mortality commercial and

recreational natural mortality age structure of the

population growth catch effort and population size is

needed for management of the fishery

CONCLUSION

The blue crab is an amazingly adaptable creature which

can and does inhabit virtually all habitats within the

Chesapeake Bay Except for deep hypoxic waters in the

summer and shallow habitats lost to development blue

crabs utilize all of the Bay The largest identifiable threats

to the blue crab are increasing fishing pressure and

shoreline development But because the blue crab is so

important in food webs both as prey and predatorchangesin populations of its primary food items majorcompetitorsor predators could have important effects on the

population of blue crabs
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The annual harvest of blue crabs is subject to major

variations No clear relationship of harvest to majorchangeswithin the Bay are evident such as increased areas of

low dissolved oxygen winter kill during severe winters

tropical storm Agnes in June of 1972 or the Baywide

decline in SAV during the period from 19651980 It is

important to emphasize however that effects ofperturbations
are difficult to detect because the simple landing

statistics do not provide information on changes in effort

required to land a given number of crabs or provide real

measures of the population size of crabs and theproportionof the population that

is

harvested Because larvae

are dispersed to continental shelf waters to developfortuitous
meteorological conditions during the time of

planktonic existence can have major effects on thenumberofpostlarvae that reinvade the estuary Since we have

no control over such events the best that we can do is to

insure that suitable habitat exists for crabs each year

including important shoreline and
seagrass

habitats

BLUE CRAB

Reduction of the area covered by hypoxic water in the

summer and an increase in the area occupied by SAV

would increase habitat available to blue crabs and their

prey Protecting existing shallow shoreline habitats from

development such as bulkheading from dredging and

from runoff of urban suburban and agriculturalpollutantsmay be even more important in maintaining the

stock of Chesapeake Bay blue crabs These shallownearshore
habitats are important for molting and foraging The

extent of these areas is enormous given the 5000 mile

shoreline of the Bay and is likely a very important factor

in the production of the large annual yield of blue crabs

from the Chesapeake
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Table 1 Major foods of Blue Crabs

Reference 23a 133a 64b

Food Class Percent of diet

bivalves

crabs and

other crust

fishes

annelids

plant matter

detritus

C

3463 39 404 42

1036 15 286 21

54 194 119 26

18 046 5

12 39 40 29d

25e

1927 198 74

a by volume d algae

b by weight e vascular plants

c of stomachs containing the item
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Table 2 Toxicity to Blue Crabsa

CHEMICAL TEMPERATURE
°C

SALINITY

Ppt

DURATION

h

FLOWb TEST CONCENTRATION

aldrin

insecticide

28 21 48 FT EC5o 23 µgL °

antimycin A

piscicide

25 29 48 FT EC50 >100 µgL °

azinphosMethyl

insecticide

27 27 48 FT EC50 320 µgL °

carbaryl

insecticide

30 28 48 FT EC5o 320 µgL °

chlordane

insecticide

29 23 48 FT EC5o 260 µgL °

chlordecone Kepone

insecticide

19 20 96 FT LC50 >210 µgL d

chlorpyrifos

insecticide

24D Propylene GI

17 20 48 FT EC5o 52 µgL °

Butyl Ether Ester

herbicide

24 29 48 EC5o 2800 µgL °

dieldrin

insecticide

18 26 48 FT EC5o 240 µgL °

endosulfan

insecticide

30 24 48 FT EC50 19 µgL °

endrin

insecticide

11 16 48 FT EC5o 15 µgL °

fenthion

insecticide

28 25 48 FT EC5o 23 µgL °

heptachlor

insecticide

17 27 48 FT EC5o 68 µ9L °

malathion

insecticide

30 25 48 FT EC50 >1000 jag L
1 °

methoxychlor

insecticide

31 27 48 FT EC50 320 µgL °

mirex

insecticide

31 24 48 FT EC5o >2000 µgL °

naled

insecticide

28 25 48 FT EC5o 220 µgL °

ozone

water sterilant

25 74 96 S LC50 026 mgL d

toxaphene

insecticide

19 27 48 FT EC50 180 µgL °

aMayer FL Jr 1987 Acute Toxicity Handbook of Chemicals to Estuarine Organisms USEnvironmental Protection Agency April 1987

bFT = Flow through

S = Static

°Nominal concentration

dMeasured concentration
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ATLANTIC MENHADEN
Brevoortia tyrannus

Robert L Lippson

National Marine Fisheries Service

Cooperative Oxford Laboratory

Oxford Maryland

The
Atlantic menhaden is one of the most abundant

species in estuarine and coastal Atlantic waters The

second most important species harvested in the

United States in terms of quantity it is processed for its oil

protein meal and solubles and is used exclusively as bait

for commercial and recreational fishing Menhaden are

consumers of phytoplankton and plant detritus and in

turn are fed upon by manypredatory fish and birds

The Atlantic menhaden is a member of the herring family but unlike most herrings and shads the menhaden

is a coastal ocean spawner It ranges from Nova Scotia in Canada to central Florida The Chesapeake Bay is

an important nurseryground for immature menhaden The critical earlystages are spent in coastal waters

and consequently the eggs and larvae are not exposed to pollutants in the Bay The Atlantic menhaden stock

has remained relatively stable in recent years Menhaden are able to tolerate sudden shifts in salinity and

are found throughout the Bay from almost freshwater to high salinity

The menhaden stock must be managed wisely if it is to withstand heavy fishing pressure and maintain its

vital ecological roles as an important converter of phytoplankton and plant detritus and as an important

food source for many other species

INTRODUCTION

The Atlantic menhaden is one of the most abundant fish

in the coastal and estuarine waters of the midAtlantic

During summer months in the Chesapeake Bay thisherringlikefish swarms in large schools acres of these

silvery fish are frequently seen dappling the waterssurfaceWatermen use menhaden for crab bait recreational

fishermen grind them and spread their oily residue called

chum to attract gamefish and commercial fishermen

harvest menhaden in enormous quantities Menhaden are

food for many fish species especially bluefish and striped

bass and for birds such as herons egrets ospreys and

eagles

F Atlantic and Gulf

these the second

ed States in

used d
ir
e
c
tl
y

as human food but are processed primarily for

industrial uses such as fish oils and meal for livestock feed

Although many Chesapeake Bay anadromous andresident
fish species have declined stocks of oceanic species

such as Atlantic menhaden have remained relatively

stable in recent yearsl9 Menhaden landings haveincreased
since the early 1970s Landings peaked at 418000

metric tons in 1983 Landings in 1989 were approximately

322000 metric tons Biological investigations ofmenhadenstocks indicate relatively stable populations in

recent years Fluctuations in landings the
past

few
years

are generally not a reflection of stock strengths but rather

are indications of complex national and international

market conditions The Chesapeake Bay area clearly

dominates Atlantic coast landings Menhaden areharvested
in Virginias portion of the Chesapeake Bayprincipallyby purse seine vessels and pound nets Maryland

prohibits purse seining in its sector of the Bay where

menhaden are chiefly caught in pound nets Research on
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menhaden is conducted principally at the National Marine

Fisheries Service Laboratory in Beaufort North Carolina

Menhaden stocks are managed through the joint efforts of

the Atlantic States Marine Fisheries Commisionindividual

states the fishing industry and the National Marine

Fisheries service

BACKGROUND

The preferred common name is Atlantic menhaden other

common names are pogy mossbunker bunker fatback

shad alewife and bugmouth Menhaden are part of the

the family Clupeidae which includes the closely related

herrings and shads Most members of this group are

anadromous in that they migrate to freshwaters to spawn
Menhaden however spawn in coastal ocean waters and

are considered catadromous spawners which means that

they develop in the less saline waters of the Bay and return

to the ocean to spawn

Morphology
The adult Atlantic menhaden is elongated and laterally

compressed The snout is blunt with a prominent median

notch the tip of the lower jaw projects beyond the upper
The dorsal fin is small elevated anteriorly and inserted

about midway between the tip of the snout and the caudal

base The origin of the anal fin is under or just behind the

tip of the last dorsal ray The pectoral fin is slightly falcate

and is inserted low on the body the lower lobe of the tail

is slightly longer than the upper

Atlantic menhaden are blue bluegreen or bluebrown

above The sides and fins are silvery with a strong yellow

or brassy luster They have a dark round or vertically

elongated shoulder spot followed by a number of smaller

spots arranged in somewhat horizontal rows The

peritoneum is black15

Oneyear old fish are approximately 135 mm in length 55
in twoyear olds 215 mm 85 in threeyear olds 250

mm 10 in fiveyear olds 270 mm 11 in and five to

sevenyear olds 300350 mm1215 in Thesemeasurements
are fork length ie from the tip of the snout to the

fork of the tail The longest menhaden on record is an

eightyear old 418 mm 16 in fish that weighed over three

pounds Menhaden generally weigh between 23 ounces

at one year to about one pound at six years and older32

Geographic range
The Atlantic menhaden is indigenous to the coastal waters

and estuaries of the eastern United States and Canada

ranging from Nova Scotia to central Florida27

The Chesapeake Bay is an important nursery
for juvenile

menhaden they occupy almost the entire Bay and its

tributaries from above Baltimore to the mouth of the Bay

in Virginia Larval menhaden enter the Bay in early s
u

m
m

e
r and move into lower salinity waters in estuarine

tributaries where they are found in great abundance They

then metamorphose into juveniles at a length of about 34

mm1338 Throughout summer one and twoyear oldimmature
fish are found in large concentrations Juvenile

menhaden remain in the Bay until fall when most migrate

from the tributaries and the Bay into the ocean They then

migrate southward and winter offshore south of Cape

Hatteras The following spring they migrate northward as

adults to the Chesapeake Bay area and into New England

waters10

LIFE HISTORY

Atlartic menhaden mature sexually at about two years

fish of the same age are progressively larger toward the

northern portion of their range although they are sexually

mature at smaller sizes in more southern areas
34 Fish in

the South Atlantic Bight mature at a minimumfork length

of 180 mm whereas those in the Middle Atlantic Bight are

sexually mature at a minimum of 210 mm fork length 21

Atlantic menhaden spawn in inshore waters over most of

the continental shelf as well a
s in bays and sounds from

Long Island waters northward133 Reintjes31 reported

menhaden eggs and small larvae at the mouth of the

Chesapeake Bay but suggested that spawning in the Bay

was minor in comparison to total population numbers

Atlantic menhaden spawn during the entire year at one

location or another Several studies indicate thatmenhaden
spawn in waters north of Long Island from May to

September in the MidAtlantic Bight south of Long Island

from March through May and again in September and

October and south of Cape Hatteras from October

through March 161831

Atlantic menhaden eggs are buoyant spherical andhighly
transparent they normally hatch in about two days at

1520°C15 The larvae are pelagic and probably spend

about one month in waters over the continental shelf

before entering Chesapeake Bay at approximately 10 mm
or larger2426

ECOLOGICAL ROLE

Atlantic menhaden begin feeding on zooplankton about

four days after hatching33 They are sizeselective

plankton feeders and although there is no direct evidence

of the food they ingest before entering the estuary it is

quite possible that they feed on pteropods and bivalve

larval stages as well as crustacean nauplii which are food

sources for other members of the herring family

As postlarval menhaden metamorphose into prejuveniles

approximately 30 mm they develop a functional

branchial filtering apparatus which enhances their ability
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to graze on phytoplankton and suspended detritusLatestage
juveniles and adults are primarily herbivores but

they also retain the ability to feed on zooplankton5

Menhaden are an adaptable species and are capable of

grazing
on several species of benthic diatoms as well as

organic
detritus1417 Recent evidence suggests that

juvenile Atlantic menhaden readily digest cellulose and

other vascular plant material and that detritus of vascular

plant origin forms an important component of their diet22

McHugh21 calculated that an average
size adult menhaden

could filter about 39 gallons 152 L of water per minute

Assuming a steady filtering rate over a sixmonth period

an individual fish could therefore filter the plankton from

somewhat more than a million gallons 39 x 106 L of

water in 180 days

structure movements the impacts of fishing on agestructureand abundance and the development of statistical

methods to predict changes in abundance Studiesspecific
to menhaden temperature salinity and oxygenrequirements

are discussed below

Temperature
Studies correlating survival response of larval Atlantic

menhaden to experimental temperatures involvedacclimatinglarvae to various temperatures and thensubjectingthem to experimentally altered temperatures that they

might encounter in their environment The relationships

between survival time and
temperature were thendetermined1320Other studies on the effects of thermaleffluentson juvenile Atlantic menhaden concluded that

rapid mortality occured in effluents of
greater than

33°C2139

Larval and juvenile menhaden are seasonally veryimportant
components of estuarine fish assemblages22936

Given the tremendous numbers individual growth rates

filtering and feeding capacity and seasonal movements

of these fish they consume and redistribute significant

amounts of energy and materials on an annual basis both

within and between estuarine and continental shelf

waters

Atlantic menhaden are fed upon by many predatory fish

species both in coastal ocean waters and the Chesapeake

Bay Their habit of forming large schools attractsvoraciousfeeders such as striped bass bluefish Spanishmackereltuna and and sandbar sharks In addition herons

egrets ospreys and eagles also prey on the Atlanticmenhaden
HABITAT REQUIREMENTS

Because Atlantic menhaden spawn in marine waters and

move into the Bay as pelagic larvae at approximately one

to two months old their sensitive egg and early larval life

stages are not exposed to habitat conditions in

the Bay
As a result contaminants and other associated water

quality problems do not appear to have caused adiscernibledecline of Atlantic menhaden in the Chesapeake Bay

It is important however to identify known adverseconditionsthat could affect the health of the stock andjeopardizethe management of this
important ecological and

commercial species

Water quality
Although information on water quality is generallyinadequateto assess the effects of pollution on marine fish

stocks lack of evidence of a direct effect is no cause for

optimism35 Some marine species may be severelyaffectedbut we are unable to distinguish pollution effects

from overfishing predation or environmental causes37

Research on Atlantic menhaden has focused primarily on

early development life history and growth population

Salinity
Menhaden can withstand substantial variations in salinity

ranging from almost freshwater 35 ppt to full strength

ocean salinity
632

Juvenile Atlantic menhaden can tolerate

sudden salinity shifts which may account for thedistributionof this species throughout the Bay Hettler11 reported

that juvenile menhaden grew faster in low salinity water

510 ppt than in higher salinities 2834 ppt Juvenile

menhaden are often
very abundant in the low salinity

waters of mid and upper tributaries as well as in the

mainstem of the upper Bay Some of these areasfrequentlysuffer from poor water quality

Dissolved oxygen
Atlantic menhaden often suffer mass mortalities during

summer months generally in small coves and heads of

creeks The teeming numbers of fish milling about in the

warm shallow waters may literally exhaust the dissolved

oxygen DO resulting in the deaths of hundreds to

thousands of fish33 Algal and bacterial respirationassociated
with active or decaying blooms probablycontribute

to DO depletion and mass mortalities ofmenhadenDissolved oxygen tolerance studies indicated that

significant mortalities occurred at a concentration of 11

mgL1 DO when the fish were acclimated at 28°C3

Structural habitat
There is little information on habitat structure with respect

to Atlantic menhaden This species lives throughout the

Bay and its tributaries from the high salinity zones to

freshwater The young are often found in shallow water

areas but they commonly occur in the open deeper

waters of the Bay

SPECIAL PROBLEMS

Harvest
Atlantic menhaden is a heavily fished species along the

Atlantic coast Demand is tied closely to world markets for
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soybean oil and related products The menhaden industry
is a serious competitor with the soybean industry When

the demand for menhaden products is high due possibly

to fluctuations in soybean prices or availabilityheightened
harvesting pressure is placed on the menhaden

stock It is imperative that stock assessments and fishery

management decisions be made on a timely basis to

conserve the stock strength at an acceptable level

Heavy fishing along the Virginia and North Carolina coast

on the zero year class often called peanuts as they

migrate out of the Chesapeake Bay is of concern to some

biologists and fisheries managers These fish are not

sexually mature they will never have an opportunity to

spawn and because of their small size their oil content is

individually quite low

Maintaining a viable and competitive industry is oneconcern
Equally important is maintaining a healthy stock of

menhaden which convert energy derived from Bay

plankton and vascular plant detritus to thousands of tons

of fish Menhaden is of paramount importance as a food

fish for many other species in the Bay and in the ocean

The ecological role of menhaden in the Bay and coastal

ocean cannot be overstated It is extremely important that

the stock be be maintained and managed wisely

Contaminants
Limited toxicity information is available for menhaden

larvae Except for the studies of tributyltin TBT toxicity

reported below virtually all toxicity tests have beenrelated
to the effects of chlorine alternative disinfectants

bromine ozone and dechlorination agents Larvae have

been exposed experimentally to free residual chlorine

with no mortality demonstrated at a concentration of 03

mgL1 A reduction in survival however did occur at 05

mgL71 at all exposure times greater than three minutes12

Studies on juvenile menhaden exposed to total residual

chlorine suggest that chlorineproduced oxidants elicit a

threshold response rather than a gradient response
730

The toxicity of TBT to juvenile Atlantic menhaden was

evaluated in an acute toxicity study an avoidance study

and a subchronic toxicity study489 Juvenile menhaden

were able to avoid concentrations of 15 ggL1 Juveniles

exposed to concentrations of 0093 and 0490 µg1 of TBT

for 28 days had 100 survival rates Histologicalexaminationsof juveniles afterTBT exposures did not demonstrate

any absolute effects due to variations between in

dividuals 9

CONCLUSIONS

The Atlantic menhaden is an abundant member of the

herring family that is harvested for its oil and proteinrich

flesh Purse seine fishing for menhaden takes place along

the Atlantic coast and in the Virginia half of theChesapeakeBay Menhaden are caught in pound nets inMarylands
portion of the Bay

Atlantic menhaden spawn in Atlantic coastal waters and

enter the Chesapeake Bay as larvae where they remain for

about a year feeding on plankters and plant detritus They

are an important prey species and are avidly fed upon by
bluefish and striped bass Menhaden migrate fromthe Bay

in late summer and fall at approximately oneyear old and

move southward along the coast where they are subject

to heavy fishing pressure There is some concern on the

part of biologists and resource managers that menhaden

should be allowed to mature and spawn twoyears old

before they are harvested

Few studies have been done on water quality and habitat

requirements concerning the Atlantic menhaden Their

most vulnerable life stages are spent in the comparatively

clean coastal waters of the Atlantic Ocean The productive

waters of the Chesapeake Bay serve as a growout nursery

for the young fish at a stage when they are less sensitive

to pollutants

The Atlantic menhaden is a commercially valuable and an

ecologically critical species which must be carefully

managed along the Atlantic coast and in estuaries such as

the Chesapeake Bay Fishing pressure must be closely

monitored and the necesary steps taken to maintain a

healthy spawning stock if it is to support a majorcommercial
fishing industry and serve as a key food source for

such important species as bluefish and striped bass
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BAY ANCHOVY
Anchoa mitchilli

Edward D Houde and Colleen E Zastrow
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Center for Environmental and Estuarine Studies

Chesapeake Biological Laboratory

Solomons Maryland

The
bay anchovy a small schooling species is the

most abundant fish in Chesapeake Bay It is a major
consumer of plankton and is itself a major food of

predatory fish making it a key species in the Bays food

web The bay anchovy occurs throughout the Bay and is

widely tolerant of salinity and temperature It lives to three

years of age seldom grows longer than 90 mmand spawns
in late springand summer when low dissolved oxygen DO

may limit the distribution of all life stages Oxygen levels below 30 mgL can be lethal to eggs and larvae

and DO below 20 mg is critical Specific habitat features structure and shoreline development are not of

particular concern for bay anchovy but hydrographic features that affect water quality could limit its

distribution and abundance Surprisingly little is known about toxicant effects on bay anchovy Bay anchovy
losses from being entrained and impinged in power plant cooling systemsmay affect its abundance as well

as that of fishes that consume it

Bay anchovy populations in the Chesapeake Bay fluctuate annually but no longterm declines have occurred

Deteriorating water quality in the future could affect its reproductive potential Summer hypoxia already

potentially limits its distribution and productivity in the Maryland portion of Chesapeake Bay A better

knowledge of toxicant effects on all life stages and better definition of the bay anchovys key role in food

webs will be important to define water quality criteria that maybe critical

INTRODUCTION

The bay anchovy is the most abundant fish in theChesapeakeBay This small unexploited species is widely

distributed along the Atlantic coast of the United States

where it plays a key role in estuarine and coastal food

webs It is a schooling species that is a major consumer of

plankton and is itself a major prey of large predatory fish

including bluefish striped bass and weakfish Bay

anchovy abundance has fluctuated significantly inChesapeakeBay in recent
years but there is no evidence of a

declining trend

Water quality criteria may be more important thanphysical
structure or habitat features in determining the bay

anchovys wellbeing but surprisingly little is known

about its vulnerability to anthropogenic inputs oftoxicantsLow DO during summerwhich limits habitat a
v
a
il
a

b
il
it
y

to all life
stages is potentially an important factor

controlling population production of bay anchovy The

topdown influence of bay anchovy grazing onplanktonand its effect on water quality also are of interest to

ecologists concerned with food webs communitystructureand water quality restoration in the Chesapeake Bay

BACKGROUND

Geographic Range
Two Anchoa species occur in the Chesapeake Bay and

the midAtlantic region A mitchilli and A hepsetus

striped anchovy Adults of these species can bedifferentiatedbased upon their morphology and fin ray counts36

Bay anchovies occur along the Atlantic Coast from Maine

to the Yucatan Peninsula including the Florida Keys56i8

They may have the largest biomass of any estuarine fish
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found along the US South Atlantic and Gulf Coasts32

Information on bay anchovy life history environmental

requirements distribution and abundance has beensummarized
in species profiles697278

Bay anchovy is the most abundant fish in the Chesapeake

Bay2936 and occurs throughout its waters41 MapAppendixAdult bay anchovy migrate during winter to deeper

waters in the Chesapeake Bay3686 and to the innercontinentalshelf in other regions returning to estuaries in the

spring
133334 98

Larvae and small juveniles are distributed

throughout Chesapeake Bay some migrate or aretransportedinto low salinity subestuaries remaining there until

fall before dispersing to overwintering areas246387

Over its geographic range bay anchovy is a nearshore

coastal and estuarine species It seldom occurs in waters

deeper than 25 m8 but has been collected in 2736 m
depths34 Bay anchovy inhabits both clear and turbid

waters and has been collected over all types of substrates

including muddy coves grassy areas surf zones oyster

bars sandy beaches and sand and silt bottoms 536568098

Bay anchovy is pelagic in all life stages The reported

vertical and horizontal distributions of each life stage are

variable and not readily predictable Dalton17 reported

that mean egg densities were significantly higher innearbottom
samples than in surface samples in themidChesapeakeBay However Houde46 found both eggs andlarvae

to be primarily above the pycnocline on two widely

separated transects in the Bay Larval and juvenile bay

anchovies in the upper Chesapeake Bay were mostabundant
near the surface upper 10 feet 3 m from May to

October but apparently moved to deeper waters as winter

approached24 Setzler et alfound higher larval densities

at shoal stations in the Patuxent River than in channel

stations although the reverse was true for eggs The depth

distributions of larvae in the Patuxent River were complex

varying in relation to larval size time of day and river area

where they were found63

Juvenile bay anchovy were collected as much as 40 miles

64 km above brackish water in Virginia tributaries67

Kaufman et al53 found juveniles were most abundant in

nearsurface waters in the upper Chesapeake Bay and

Kemehan et al55 reported that juveniles in theChesapeakeand Delaware Canal were most abundant near

surface during the day but in mid to bottom waters at

night Adult bay anchovies were collected throughout the

water column in the Delaware River estuary78 Surface

schools of bay anchovy are often seen in the upper

Chesapeake Bay53 and in the midChesapeake Bay49particularlyin frontal areas at the mouths of rivers

Population Status and Trends

Trawling seining and ichthyoplankton surveys in the

Chesapeake Bay all indicate that bay anchovy populations

fluctuate widely from yeartoyear No longterm trend in

abundance is apparent

Peak reported mean densities of anchovy eggs are

high
174 74

ranging from 402 m3 to 23200 M3 inChesapeakeBay Table 1 Mean larval densities174674 ranged

from 09 to 7610 M3 in the Bay Table 1

Indices of adult bay anchovy abundance varied more than

100fold in summer beachseine surveys from 19581989

in low salinity tributaries of Chesapeake Bay66 The32yearmean abundance index was 257 bay anchovies per

seine haul The highest index value was 1059 in 1967 and

the lowest was 075 in 195873 The 1986 index of 443 was

nearly four times higher than the 1987 value of 121

Yearround bottom trawl catches in the midChesapeake

Bay from 1969198141 indicated that bay anchovyabundance
varied seasonally and annually There were usually

two seasonal abundance peaks one in spring May and

another in fall SeptemberNovember with the fall peak

more than two times higher than the spring peak Lowest

catches occurred in winter Mean annual catches per tow

ranged from a low of 585 in 1976 to a high of 9739 in

1980 Table 2 The 13year mean was 7080 anchovies

per tow

Abundance trends in the midBay trawl surveys41 were

similar to trends in trawl surveys in the lower Bays York

and Rappahannock Rivers03 in six of the 12 years
of

concurrent trawling Abundances in both surveys were

low in 1971 1972 and 1976 and were generally high in

1977 1980 and 1981 Mean trawl catches in the York and

Rappahannock Rivers ranged from 0 in 1966 to 400 in 1980

Table 2 Trawl catchperuniteffort CPUE of bayanchovyin midChesapeake Bay surveys during 1986 and

1987 was almost six times higher in 198673 Table 2 Peak

abundance occurred in September of each year Bay

anchovy dominated the total fish catch 65 in numbers

during a 1988 trawl survey in the mainstem of Chesapeake

Bays Virginia waters12 The CPUE ranged from 191 in

February to 18887 in December The mean 1988 CPUE
was 5843 anchovies per tow Table 2

LIFE HISTORY

All life stages of bay anchovy are found in the Chesapeake

Bay36 The high abundances of eggs and larvae indicate

that the Bay is a major spawning and nursery area172474

Spawning
Spawning by bay anchovy in the Chesapeake Bay is

widespread Map Appendix and occurs from May to

September with peak spawning in July
17246474104 The

protracted spawning season may extend throughout the

year in southern parts of its range50 but is shorter at higher

latitudes Bay anchovy is a batch ie serial spawner
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Individual females in the Chesapeake Bay spawn at least

50 times each season producing a mean of 1129 ova per

batch104 Bay anchovies spawn in the evening between

1800 and 2400 hours263564104 Batch fecundity averages

643740 eggs per gram of female64104 Bay anchovies

spawn where water depth is less than 20 m81 in salinities

from 032 ppt78 Peak spawning in Chesapeake Bayapparentlyoccurs at 1315 ppt24 and at average surface water

temperatures from 263278°C49 5
4 In the Delawareestuarypeak spawning occurred at 2227°C99

Adults

Bay anchovies may live to be slightly more than three

years old although few otolithaged individuals hadsurvivedto that age
7378 Adults may attain a maximum length

of 110 mm34 Mean lengths of adults in midChesapeake

Bay73 were 550 mm fork length FL at age I 707 mm FL

at age II and 831 mm FL at age III Average annual

mortality rates are high ranging from 8995 per year73

Females are generally more abundant than males in trawl

collections73789498

Age I females produced from 92 to > 99 of the eggs

spawned inJuly of 1986 and 1987 in midChesapeake Bay

Thus a reproductive failure in one year could drastically

reduce future numbers of Age I females and have a major

impact on egg production104

Eggs
The approximately 1 mm fertilized eggs are pelagicslightly

ellipsoid with segmented yolkmass and no oil

globules5299 Time to hatch was reported as 24 h at272278°C57but this may have been an overestimate because

egg stage duration was 24 h at 25°C44 and wasapproximately18 h at 2829°C47 Eggs have been collected

in most areas of the Bay and its tributaries MapAppendix
Egg mortality rates are believed to be high InBiscayneBay Florida egg mortality averaged 8660

Larvae
The larval stage may be the most sensitive life stage of bay

anchovy in the Chesapeake Bay Larvae are 1820 mm
long at hatch57 The yolk sac is absorbed in 27 h at 32°C

and in 41 h at 24°C43 Feeding at 2528°C was initiated at

34 mm length and 23 days posthatch43Laboratoryreared
larvae that were offered a range of foodconcentrations

grew from 037059 mm d151

Bay anchovy larvae enclosed in 32 m3 in situ mesocosms

in the Patuxent River grew 039063 mm d116 Larvae in

the Patuxent River were reported to grow at > 070 mm d1

in 198229 based on otolith increment counts Otolithaged

larvae from Biscayne Bay grew 043 to 056 mmd160 while

those in the Newport River North Carolina reportedly

grew at 025031 mm d128 Larval mortality rates are high

A 25 per day mortality rate was estimated recently in

Chesapeake Bay46 compared to an estimated rate of

2636 per day in Biscayne Bay Florida60

Juveniles
Juvenile bay anchovies are approximately 2540 mmlong

In midChesapeake Bay their growth rates ranged from

020033 mm d1 in 1986 and 19877173 The larval and

juvenile stages may be completed in as little as 25 months

and some Chesapeake Bay youngoftheyear maymature

by late summer64 although most apparently overwinter

before maturing the following year
104

ECOLOGICAL ROLE

The bay anchovy plays a key role in the Chesapeake Bay

food web It is a major consumer of zooplankton and a

dominant prey item in diets of commercially andrecreationallyimportant predatory fish including striped bass

weakfish bluefish and summer flounder 21039406885

The diet of juvenile and adult bay anchovies consists

primarily of zooplankton which are eaten selectively as

individual particles Copepods are the dominant

prey789497 Large bay anchovy add macrozooplankton to

the diet such as mysids larval fish crab larvae and other

invertebrates and including some benthic organisms

eg polychaetes and molluscs Small particulates eg
algae and detritus may be found in stomachs of all

anchovy length classes
139192033407980899097101 The

dominance of copepods in the diet maybe replaced when
other potential foods are abundant 22

Feeding may occur

throughout the day but during summer months inChesapeakeBay it is most intense from dawn tomidmorningL097
Daily ration was estimated to be 162 of body

weight97 Food consumption and other energetics

parameters were temperaturedependent in the 1927°C

range with highest consumption and growth at 27°C97

The bay anchovy is preyed upon by seabirds including

the common tern
84 and might be an important food item

for waterfowl and other animals24 Bay anchovy provides

more than half of the total energy intake of predatory fish

in Chesapeake Bay contributing 70 90 and 60 to their

diets in summer fall and spring respectively2

Potential competitors of bay anchovy are otherplanktoneatingfishes including menhaden and silversides The

bay anchovy diet was demonstrated to overlap with that

of blueback herring in the James River Virginia7Ctenophorescomb jellies and other jellyfish eg sea nettles

are major consumers of zooplankton in Chesapeake Bay2

and may compete for it with the bay anchovy

The reported first food of larval bay anchovies ismicrozooplankton
including copepod nauplii rotifers and

tintinnids2150 Older larvae fed upon larger copepodites

and adult copepods21 Larvae from Biscayne Bay Florida
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ate primarily copepods 754 but included tintinnids

rotifers and bivalve larvae in their diet50

Larval bay anchovies require food within 25 days after

hatching at 26°C43 High larval growth rates and survival

rates were obtained at microzooplankton prey levels near

ambient and as much as tenfold below ambient in in situ

enclosure experiments in the Patuxent River16 indicating

that food levels in Chesapeake Bay subestuaries generally

are adequate for larval production Based upon laboratory

studies Houde4445 had suggested that 100microzooplankton
per liter was a critical food level for bay anchovy

larval survival but the Patuxent River enclosureexperiments
indicate that concentrations as low as 50 L may

suffice16

Bay anchovy eggs and larvae being the dominantichthyoplanktonin the Chesapeake Bay172474 are believed

to interact significantly with many predators and prey

Gelatinous zooplankton including sea nettlesctenophoresand other medusae are predators on eggs and70 and also may compete with larvae for

zooplankton food Adult bay anchovy may becannibalistic
they have consumed bay anchovy eggs inexperiments15The importance of cannibalism is unevaluated

but is a potentially important mechanism of population

regulation The sea nettle which reaches peak abundance

in summer may be the most effective predator on bay

anchovy eggs and larvae in Chesapeake Bay

HABITAT REQUIREMENTS

Water Quality
Dissolved Oxygen
Dissolved oxygen concentrations below 30 mgLprobablylimit the viability and productivity of bay anchovy in

the Chesapeake Bay Laboratory experiments on bay

anchovy eggs and yolksac larvae indicated that LC50 was

28 mg02L1 for
eggs

and 16 mgL1 for yolksac larvae

Egg hatchability declined significantly below 30 mgL1
Survival of newlyhatched larvae declined below 25

mgL1 Many 1224 h posthatch larvae survived atconcentrationsbetween 20 and 25 mgL1 and some survived

when DO was between 10 and 20 mgL1 The longterm

consequences of low oxygen on larval survival and growth

are unevaluated

Large volumes of the Chesapeake Bay in summer have

median DO below 30 mgL and 20 mgL MapAppendixthus limiting availability of bay anchovy habitat

especially in the Maryland portion of the BayConcentrationsbelow 30 mgL1 mostly are confined to depths > 810

m ie subpycnocline In one study bay anchovy eggs

were reported to be abundant at subpycnocline depths i

but recent data indicate that few eggs or larvae are found

there when DO is low 47

Salinity
All life stages of hay anchovy occur over a wide salinity

range in the Chesapeake Bay Map Appendix Table 3
and in other ecosystems Eggs in Chesapeake Bay
Delaware Bay and the Potomac River occurred at

salinities from< 1 to 32 ppt247886 Egg viability may be low

at salinities below 8 ppt99 Reported suitable salinities for

eggs were 49 ppt61 122 ppt24 and > 20 ppt78 Highest

egg densities were observed at salinities from1315 ppt in

the upper Chesapeake Bay24 and at 1723 ppt in the

polyhaline lower Bay74 In Delaware Bay higherpercentagesof live eggs were found in higher salinity waters

2030 ppt than in lower salinity waters < 15 ppt99

Larval bay anchovies occurred in Chesapeake Bay at

salinities from 00319 ppt172474 and were reported at

salinities as high as 365 ppt in Biscayne Bay Florida50

Juvenile and adult bay anchovy throughout their
range are

euryhaline and have been collected in salinities from 080

ppt24677892 Salinity apparently has minor influence on

the distribution of bay anchovy 31567993 The preferred

salinity range apparently is 930 ppt in Chesapeake Bay

Table 3 although adults occur throughout the salinity

gradient Map Appendix which ranges from 0 ppt24 to

319 ppt74

Turbidity and Suspended Sediments

Bay anchovies often live in turbid waters and may be

attracted to high turbidities62 No information specific to

Chesapeake Bay is available but significant mortality of

adults occurred in static bioassays of fullers earthsuspensionsof 231 471 and 960 gL 10 50 and 90mortalities
respectively after 24 h exposure91 Suspended

sediment concentrations > 250 mgL caused a reduction

in food ingestion by copepods a primary food of bay

anchovy
91

Temperature
Preferred temperatures for bay anchovy eggs are in the

broad range of 1330°C Table 4 Eggs have beencollectedin Chesapeake Bay waters from 90310°C24indicatinga broad tolerance to temperature Table 4However
laboratory studies on naturally fertilized eggs

indicated that successful incubation temperatures were

1725°C for eggs collected in the Delaware River78Seventysixto 100 of eggs acclimated to 27°C hatchedfollowinginduced temperature changes of 1570°C for 0550
h duration78

Preferred temperature ranges for bay anchovy larvae are

1530°C Table 4 Larvae tolerated
temperatures as high

as 35°C in 15 minute exposures after acclimation at

1725°C7$juvenilesinChesapeake Bay can toleratetemperaturesfrom 031oC24 but may prefer 100 to 30OoC Table 4

Adults tolerate a wide range of temperatures Table 4 in

all seasons in Chesapeake Bay where monthly mean
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surface water temperatures range from 34°C in January

to 263°C in August54 They occur at temperatures from

22271°C in the Hudson River Estuary25 and 1634°C in

the Everglades Florida83 Preferred temperatures
of adults

in Texas estuaries were 81322°C loo
with a possible

upper lethal limit of 40°C
14

Habitat

Structure except for that associated with water column

hydrography is not believed to be important for the

pelagic bay anchovy In Chesapeake Bay the anoxic or

hypoxic < 30 mg02L1 waters below the pycnocline

during summer Map Appendix may limit habitatavailable
to all life stages and may force bay anchovies to be

distributed nearer to the surface than otherwise

Substrate

Bay anchovy has been collected over many substrates

including sand mud sea grass oyster shell and the hard

bottoms of beaches in surf zones 536568098 There is no

indication that it prefers any particular substrate

Vegetation

Seagrass beds in Chesapeake Bay were not important

spawning sites for bay anchovy or other fishes that

produce pelagic eggs75 There also is no indication that

they are important nursery areas for bay anchovy larvae

program in the midChesapeake Bay41 Trawling surveys

after tropical storm Agnes in June 1972 indicated that

adult bay anchovy abundance was not affected in the

middle or southern portions of the Chesapeake Bay8238

Large numbers of bay anchovy larvae may have been

swept out of the James and Rappahannock Rivers into the

Bay during the flood following the storm37 Dalton

found two peaks in egg abundance during 1972 one

before and one after tropical storm Agnes Eggabundances
were low 30 days after the storm and the 1972 annual

mean larval density was 18 times lower than the mean

density for the four years of 1972 1974 1976 and 1977

SPECIAL PROBLEMS

Contaminants

Despite the bay anchovys abundance there issurprisinglylittle information on toxicants Contaminant problems

from use of chlorine in power plant78 and sewage plant

discharges may be problematic Bay anchovy was the

dominant fish within areas of Galveston Bay thatreportedlyreceived highest pollutant loads3 suggesting to the

authors that the bay anchovy dominance might be an

indicator of pollution stress369 The increased turbidities

associated with kraft pulp mill effluent which contained

toxins may have attracted bay anchovies despite the

pollutant level 6
1

Depth
Bay anchovy has been collected from waters as deep as

2736 m34 although it generally occurs in shallower

depths Eggs have been collected throughout the water

column surface to > 20 m depth in the Chesapeake

Bay
1746

Unpublished information46 indicated that egg

densities were 65 times higher above the pycnocline than

below

it

and that larval densities were 84 times higher

above the pycnocline Small larvae tended to remain

farther below the surface in the Patuxent River mouth than

did > 11 mm larvae which showed no depth preference
63

Upstream in the Patuxent the larval depth distribution

and factors influencing it became more complex63

Juvenile and adult bay anchovy may occur throughout the

water column in Chesapeake Bay48 and Delaware Bay78

There is some published evidence that schools tend to be

located nearer to surface than to bottom5355 but recent

hydroacoustic surveys41 indicate that changes in depth

distribution occur both seasonally and diurnally that are

not well understood

Weather
Seasonal changes in water temperatures may causeoffshore

migrations during winter by bay anchovy in the

temperate parts
of its range98 It is not certain whether

winter temperatures induce offshore migration of some

Chesapeake Bay anchovies Some bay anchovies were

collected by otter trawl during all months in a 13year

Parasitism and Diseases
Unidentified parasitic trematodes were found in 193 of

Chesapeake Bay adult bay anchovy stomachs in 1986 and

198797 Parasitic copepods are frequently observed on bay

anchovy especially in summer and fall5859 A parasitic

brachyuran crab also has been observed attached to

larval and juvenile bay anchovies78 Finrot disease on bay

anchovies in New York Bight was attributed to dense

bacterial populations and environmental stress fromdomesticand industrial pollution in 19671971 65

Power Plant Entrainment and

Impingement
The abundance small size and widespread occurrence

of bay anchovy make all life stages vulnerable toentrainment
in power plant cooling waters or impingement on

screens designed to prevent entrainment oforganisms42767895 Onsite studies in the Delaware Riverestuaryindicated that most anchovy eggs and larvae were

entrained fromMay through October Juveniles and adults

were entrained in all months except February andDecemberNumbers entrained were sometimes high

Most mortality in both intake and discharge samples at a

Delaware River power plant occurred in the first six hours

following entrainment although some mortalitycontinuedfor at least 24 h78 Table 5 In laboratory studies

that simulated the mechanical stress of entrainmentmortalitywas significant for all life stages except prolarvae
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Mortality of early life stages was variable but tended to

increase as the temperature differential in simulatedcoolingwaters increaseds

Simulation models were used to predict bay anchovy

entrainment losses at a power plant on the Patuxent River

near Chalk Point76 A reduction in juvenile survival of up
to 76 was possible primarily from losses during the

postlarval stage 1035 mm because that stage wasconcentratedwhere entrainment probability was highest The

authors76 believed that the probable range of loss due to

entrainment was 2476

Another simulation mode195 for the same power plant

predicted that bay anchovy standing stock might decline

by 46 and that predatory fish such as striped bass

bluefish and weakfish could experience standing stock

losses of > 25 if bay anchovy and silversides were the

preferred prey and if their entrainment losses were > 70

I
f as seems likely the entrainment losses were lower

perhaps only 30 then bay anchovy standing stock

would decline by 21 and piscivorous fish standing stock

by 1015 I
f anchovy and silversides were not the major

component of predator diets then losses of predator

production would be small

Bay anchovy was the most common species impinged at

a nuclear power plant in midChesapeake Bay from1975198342Most impingement occurred from AprilJune and

in November the least occurred in February and March

Bay anchovy had intermediate rates of survival 4590
compared to other impinged species The estimatednumberof anchovies impinged annually ranged from 5219 in
1982 to 11 x 106 in 1981 Age I fish were the dominant

group impinged Horwitz42 noted that the consequences
of impingement mortality depend upon its magnitude

relative to other sources of mortality he concluded that

impingement mortality at the Chesapeake Bay nuclear

power plant probably was small relative to total mortality

RECOMMENDATIONS

Although there is no evidence of population decline or

instability in the bay anchovy population in theChesapeakeBay there are concerns Two recommendations

may improve habitat conditions and insure futurewellbeingof the bay anchovy population

1 Reduce the volume of water that becomes anoxic or

hypoxic < 30 mg02L1 during summer and thereby e
x
p
a

n
d

the productive habitat of all life stages of bay

anchovy Also reduce the frequency of transient low DO
events < 20 mgL through appropriate Baywide

nutrient reduction
strategies

2 Carefully consider the siting of proposed power plants

that may entrain and impinge all life stages of bay

anchovy potentially affecting not only anchovyproductivitybut also that of large predator fishes that depend

upon bay anchovy as food

Some research recommendations that will enhance our

knowledge of this key species and its sensitivity to habitat

change in Chesapeake Bay include

1 Determine the sensitivity of all life
stages to potential

toxicants

2 Estimate the biomass and production of bay anchovy
and their annual variability

3 Estimate the amounts and kinds of planktonconsumed
by the bay anchovy population on an annual basis

to determine its potential topdown control on plankton

production community structure and water quality

4 Determine the fraction of the standing stock of bay

anchovy consumed annually bypredator fish to quantify

its key role in the Bays food web

CONCLUSIONS

The bay anchovy is abundant and ubiquitous in the

Chesapeake Bay where it plays a key role in the food webs

of the plankton and pelagic fish communities The bay

anchovy population is in no immediate danger of decline

from present habitat conditions or water quality but it is

important to be alert for potentially deleterious effects of

toxicants power plant operations and nutrient pollution

causing summer hypoxia The population dynamics and

trophic relationships of bay anchovy in Chesapeake Bay

are just beginning to be understood A better knowledge
of bay anchovys role in the Bay trophic structure will be

important for longterm management of Chesapeake Bay

water quality and fish resources
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Table 1 Summary of mean bay anchovy egg and larval densities Collections were made with various types of

sampling gear Life stage E = eggs L = larvae A = adults

Location

Barnegat Bay NJ

Biscayne Bay Fl

midChesapeake Bay

lower Chesapeake Bay

midlower Chesapeake Bay

upper Chesapeake Bay

Patuxent River

Potomac River

Hudson River

a
monthly mean

b
1974 average

C
cruise and station mean

d
single collection

Time period Life stage Peak density Percent of Reference

100 m3 total catch

19751981 E 13250a 98 98

L 1120a 56

A 52

19761977 E 10150a 558 50

L 246a 201

19721977 E 3500b 99 17

L 200b

19711976 E 14000a 96 74

L 2403a 88

1987 E 23200c 46

L 7610c

19631967 E 43000d 24

19601971 L 16400d 25

378878 E 402a 87

L 38a

19741976 L 90d 86

472872 E 998 25

L 23600d 70

Table 2 Summary of bay anchovy abundance in Chesapeake Bay Indices are counts of fish per unit effort

Location Years Gear Unit effort Range of Reference

abundance index

lowsalinity tributaries 19581989 beach seine haul 075195810591967a 73°

midBay 19691981 76 m balloon trawl 30 min tow 585197697391980a 42

York and

Rappahannock Rivers 19551982 30 ft semiballoon trawl 5 min tow 019664001980a 103

midBay 19861987 49 m semiballoon trawl 10 min tow 5419873541986a 73

Virginia

mainstem Bay 1881288 30 ft semiballoon trawl 5 min tow 191 Feb18887Decb 12

a mean annual abundance
b

annual mean = 5843 bay anchovy were 65 of the total number of fish caught
° MDNR data 19581989 cited

in 73
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Table 3 Salinity ranges for bay anchovy occurrence

Life stage Minimum

salinity

ppt

Maximum

salinity

ppt

Preferred

or optimum

range ppt

Location Reference

EGGS 40200 overall suitable range

10 220 130150 upper Chesapeake Bay 24

4090 Potomac River 61

00 320 > 200 Delaware River estuary 78

< 10 60100 Potomac River 86

> 80 200300 Delaware River estuary 99

64 319 170230 lower Chesapeake Bay 74

LARVAE 00150 overall suitable range

00 3070 upper Chesapeake Bay 24

4260 Hudson River 25

64 319 lower Chesapeake Bay 74

00> 50 Potomac River 61

00 310 Delaware River estuary 99

00 490 Alazan Bay Texas 23

JUVENILES 90300 overall suitable range

05a Delaware River estuary 77

3070 upper Chesapeake Bay 24

> 23 208376 Florida Gulf coast 56

ADULTS 90300 overall suitable range

13015Ob
upper Chesapeake Bay 24

135153° midChesapeake Bay 49

10320 Matagorda Bay Texas 100

00 Virginia tributaries 67

< 05d Delaware estuary 77

750800 < 500 Laguna Madre Texas 92

> 50c 100200` Delaware River estuary 99

155 452 Florida Everglades 83

a
at temperature > 20°C

b
peak spawning

°
spawning

d
laboratory tests bay anchovies were unable to survive below 05 ppt for extended periods Mortality 70 in 4 h at 24°C 73 in 2 h at

23°C 30 in 96 hat 10°C
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Table 4 Temperature ranges for bay anchovy

Life stage Minimum

°C

Maximum

°C

Preferred or

optimum range

Acclimation

°C

Location Reference

EGGS 130300 overall suitable range

90 310 200270 upper Chesapeake Bay 24

272278 Beaufort North Carolina 57

170255 Delaware River estuaryh 78

220320 Miami Florida 21

272278 Matagorda Bay Texas 100

LARVAE 150300 overall suitable range

40Oa 25 15ppt Delaware River estuary 78

>110 Matagorda Bay Texas 100

70 310 Alazan Bay Texas 23

00 310 230270 upper Chesapeake Bay 24

JUVENILES 100300 overall suitable range

00 310 upper Chesapeake Bay 24

260280 28 Delaware River estuary 78

200240 24 New Jersey 96

60150 10 and 25 Delaware River estuary 77

29031511 195 and 240

3153200 195 and 240

315320c 10 and 25

31035Od 246313 Galveston Bay Texas 14

2503304 150264
3403708 summer

320350° winter

ADULTS 50300 overall suitable range

370 245325 Galveston Bay Texas 30

22 271 Hudson River 25

1001 22 30 ppt New Jersey 96

>320 21 28 ppt

200 15 29 ppt

270 Delaware River 78

81322 Matagorda Bay Texas 100

>40 Galveston Bay Texas 14

160 340 Florida Everglades 83

> 1509 300 2202709 Delaware estuary 99

2722789 midChesapeake Bay 49

a
lethal

d 3 h LD50 9 spawning
b

48 h LT5o
8 05 h LD1oo

h
for successful incubation

°
LT100 total mortality at 29 h

Table 5 Summary table of onsite entrainment survival studies at a Delaware River power plant78

Life Initial 12h 24h Delta T Ambient

Stage Survival Survival Survival °C River T

°C

Intake Larvae 312875 00175 0050 00140 150316
11

Discharge 00372 00167 00 11

Intake Juveniles 750100 00660 00307 00142 100316

Discharge 125 874 00487 01142 11 11

Intake Adults 620840 280778 12169 05140 115316
11 11

Discharge 353682 00500 00333



AMERICAN SHAD AND HICKORY SHAD
Alosa sapidissima and Alosa mediocris

Ronald J Klauda1 Steven A Fischer

Lenwood W Hall Jr and John A Sullivan

University of Maryland

Agricultural Experiment Station

Wye Research and Education Center

Queenstown Maryland

A merican shad and hickory shad are anadromous
fish of the clupeid family American shad are the

largest anadromous clupeids of the US hickory

shad are mediumsizedmembers of the family Natural shad

spawning habitats include nontidal reaches of virtually all

Chesapeake Bay tributaries American shad juveniles leave

the estuary in late fall mature in the ocean and return to

the tributaries to spawn after two to five years The life

history of hickory shad is similar but poorly known

American shad historically supported importantrecreationaland commercial fisheries in Chesapeake Bay

tributaries whereas hickory shad because of their naturally lower abundance in the region were a much

less important fishery species Severe stock declines of both species in the latter half of the 20th century led

to drastically lower harvests and a fishing moratorium in the Maryland portion of Chesapeake Bay which

has been in effect since 1980 The causes of the declines apparently include overfishing in earlier decades

blockage of spawning rivers by dams and other impediments and degradation of water quality and physical

habitat in spawning reaches

The critical life stages of shad are the eggs larvae and early juveniles Water temperatures > 13°C pH > 60
and dissolved oxygen > 50 mg are important requirements for American shad eggs Larvae require water

temperatures of 155261°C pH > 67 dissolved oxygen > 50 mgL and suspended solids < 100 mgL
Requirements of juvenile American shad are similarto those of larvae Insufficient information is available

to make definitive statements about the habitat requirements ofhickory shad but they probably are similar

to those of American shad Major habitatconcerns for shad are stream acidification and interaction with

dissolved metals stream blockages and land disturbance with associated sedimentation and turbidity

Although American shad have shown some signs of recovery in recent years stocks must continue to be

protected both from excessive harvest and from degradation of their spawning and nursery habitats

Continuing removal and mitigation of stream blockages stocking programs and harvest restrictions are

positive steps toward recovery of these threatened populations

INTRODUCTION about 760 mm64 American shad have a deep and laterally

compressed body single softrayed dorsal and anal fins

The American shad is the largest anadromous fish of the and large easilyshed scales that come together to form

clupeid family in the United States Maximum length is sawtoothed scutes along the ventral margin of the belly

Present address Maryland Department of Natural Resources Annapolis Maryland

91



AMERICAN SHAD AND HICKORY SHAD

Adults are silvery white on the sides with greenish or

bluish coloration above that fades to brown as they

migrate through freshwater to spawn The large black spot

located just behind the gill cover is followed by several

427 smaller dark spots131

The hickory shad is a mediumsizedanadromous clupeid

that is smaller than the American shad but larger than the

alewife and blueback herring Maximum length is about

600 mm64 The hickory shad is distinguished from the

other anadromous clupeids by a strongly projecting lower

jaw and small number of gill rakers usually 1921 on the

lower limb of the first pharyngeal arch5691 Hickory shad

are graygreen along the back with iridescent silver sides

and belly The dark shoulder spot commonly is followed

by several obscure spots6496

DISTRIBUTION

The American shad is native to the Atlantic seaboard of

North America distributed from southeastern Labrador to

the St Johns River Florida 6413
Along the east coast of the

United States American shad are most abundant from

Connecticut to North Carolina99 In the midAtlantic

region American shad historically spawned in NewJerseyDelaware and virtually all major tributaries toChesapeakeBay The
presence

of spawning populations in

several Maryland tributaries has been difficult todocument
in recent years73

In 1871 American shad fry were transported successfully

by rail from the Atlantic Coast to the Pacific Coast and

introduced into the Sacramento River California124 Other

Pacific Coast introductions followed in the Columbia

Snake and Willamette rivers in 1885 and 1886120 From

these introductions American shad dispersed andpopulations
are now established from Baja Californianorthward

to Cook Inlet Alaska and the Kamchatka Peninsula

Asia53131 Attempts to introduce American shad into the

Mississippi River drainage and streams in Florida were

apparently unsuccessful

Historically the hickory shad occurred along the east

coast of North America fromthe Bay of Fundy Canada to

the Tomoka River Florida but now the species probably

is restricted to waters from New York southward55597124

and is viewed as a more southern species than American

shad73 Their current presence in Canadian waters isuncertain
they are not listed in a recent book on Atlantic

fishes of Canada131 Overview documents prepared by

state fisheries agencies along the east coast of the United

States suggest that hickory shad currently do not spawn

north of Maryland122 In Chesapeake Bay hickory shad

are near the northern limits of their spawning range
and

probably never have been abundant135 although they

were harvested throughout the Bay prior to the 1970s97

Stable or declining stocks are present in the majority of

coastal river systems in North Carolina South Carolina

Georgia and Florida124

LIFE HISTORY

AMERICAN SHAD
The American shad is anadromous lives at sea and only

enters freshwater in the spring to spawn It is a schooling

species and highly migratory Each major shadproducing

river along the Atlantic seaboard appears to have adiscrete
spawning stock12 Homing to the natal stream is

relatively well documented in northern stocks131 such as

those of the Connecticut and Hudson rivers and involves

both olfaction and rheotaxis41 However there is evidence

of extensive straying particularly on the West Coast of the

US73
Straying and mixing also may occur among

American shad stocks which use a large and diversified

estuarine system such as the Chesapeake Bay

Spawning Activity
American shad migrate from the sea to coastal rivers in the

spring for spawning when water temperatures range from

about 1619°C79 Some adults enter the mouths of their

natal rivers when temperatures are as low as 4°C or less64

The prespawning adults spend one or two daysmeanderingnear the saltwaterfreshwater interface during anecessary
period of adaptation before proceeding upstream to

spawn41

American shad can spawn as early as midNovember in

Florida typically not before February to as late as July in

some Canadian rivers95

I
f possible the adults migrate far

upstream and typically spawn in freshwater areasdominated
by extensive flats and over sandy or rockyshallows64
including the mouths of larger tributary streams39

Males generally precede the females to the spawning

grounds25

Water temperature is the primary factor that triggers

spawning but photoperiod current velocity andturbidityalso exert some influence79 In Chesapeake Bay

spawning runs typically begin in midFebruary to early

March peak during April and are over by early June5564

Egg deposition has been observed at water temperatures

between 8 and 26°C but most spawning in Chesapeake

Bay rivers occurs between 12 and 21°C64148

Most spawning activity occurs between sunset andmidnightwith the time of onset related to light intensity
110 131

In turbid rivers spawning also may occur during daylight

hours64 American shad are broadcast open waterspawners
During the spawning act a single female isaccompaniedby several males as the eggs are released into the

water column and fertilized 100108 Adults return to the sea

soon after spawning26
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Egg and Larval Development
Fertilized eggs are spherical semidemersal to pelagic

nonadhesive from 2535 mm in diameter whenwaterhardenedand
transparent pale amber or pink64 As

American shad eggs waterharden and increase indiameter
they are carried by river currents along the bottom

and may lodge in substrate rubble

Egg incubation time can range
from two days at 27°C

from three to nine days at 2217°C to 17 days a
t 12°C64

Optimum conditions reported for American shad egg

development are 17°C 75 ppt salinity and darkness 80

Maximum egg survival and hatching success is in the

temperature range of 155265°C79 Egg development can

be prolonged and mortality increased when incubation

temperatures fall below 16°C100 No viable eggsdevelopedat temperatures below 10°C or above 29°C808

American shad eggs incubated at temperatures between

200 and 234°C hatched in three to five days but the

resulting yolksac larvae were deformed80

Yolksac larvae are 610 mm total length TL at hatching

and 912 mm TL when the yolk is absorbed at four to seven

days old and the larvae begin to feed exogenously101152

The larvae are photopositive6i most abundant near the

surface in fresh and brackish waters up to about 7 ppt

salinity10197 and generally drift downstream and disperse

as they develop49

Natural mortality rates during the egg and larval stages of

American shad are very high Leggett76 reported that on

average only 000083 of the eggs spawned produce

sexually mature adults Most of this high mortalityoccurs

between egg deposition and the juvenile stage Survival

from the yolksac larva through the juvenile stage is about

1 to 2 Year class strength for cohorts in American shad

populations is apparently established during the first 20

days after hatching and before the larvae reach thejuvenile
stage3 Availability of food is critical to the survival

of first feeding larvae but other environmental factors also

are important Recent studies suggested a relationship

between water temperature flow food production food

density and the survival of American shad larvae73

Juveniles
Metamorphosis or transformation to the juvenile stage is

completed in about 2128 days when the young American

shad reach 2528 mm TL31 They formschools at 2030 mm
TL and prefer deep pools away from the shoreline in

nontidal areas although they occasionally move into

shallow riffles20 In the Chesapeake Bay system juveniles

spend their first summer in tidal freshwater reaches of the

spawning rivers

Juvenile American shad undergo diel vertical migrations

in the summer nursery areas Loesch et al90 observed that

catches of juveniles in bottom trawls were significantly

higher during the day than at night Conversely catches

of juveniles in surface trawls were greater at night than

during the day

Autumn decreases in water temperatures below 19 or

20°C increases in river flow or combinations of both

factors trigger downstream movements of juvenileAmericanshad through brackish water and on to the sea 21148

Peaks in the seaward migration of juveniles in theChesapeakeBay region occur from late October to lateNovember95when water temperatures are below 15°CDecreasingwater temperatures may curtail the behavioral

tendency of juveniles to maintain position against the

current in low light or at night and consequently they

drift downstream118

Several investigators have reported that larger juveniles

appear to move downstream earlier in the fall 20101127

Juvenile American shad grow to average lengths ranging

from about 80110 mm prior to the fall seaward

emigrationslo1124127Growth of juveniles appears to be slower

in more southerly rivers along the US east coast
101

Estimates of juvenile American shad mortality rates in the

nursery areas range from 1820 per day32 Thus if the

juveniles remain in the nursery areas for three months

before emigrating seaward their survival rate would be

about 30 Conversely 70 of the juveniles would perish

before reaching the ocean122 assuming constant mortality

rates during the larval and juvenile stages Longer

residence times in freshwater and brackish areas would

further reduce first year survival of American shad cohorts

Subadults and Adults

Juvenile American shad leave the
nursery areas in late fall

and presumably join other schools of young shad in the

ocean where they grow and develop for three to five

years before returning to their natal streams to spawn112

Chesapeake Bay stocks remain at sea for about four or five

years however twoyear old fish have been collected in

the Bay73

American shad are longdistance coastal migrants During

an average life span of five years at sea an individual may
migrate over 20000 km35 Ocean migration ratesestimatedfrom

tag returns averaged 21 km d during the

spring northward migrations of adults from Chesapeake

Bay to the Bay of Fundy76 and about 9 km d1 for spent

adults during a more recent tagging study35 Subadults

appear to migrate farther offshore than sexually mature

adults
112

American shad in the Atlantic Ocean tend to follow

preferred isotherms of 1318°C as they move along the

Atlantic coast between summer feeding grounds in the

Gulf of Maine and coastal overwintering areas off the

midAtlantic states79 Dadswell et al35 reviewed 50 years
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of tagging studies and concluded that oceanic migration

patterns of American shad were more complicated than

previously thought They suggested that American shad

stocks do not concentrate in relatively small geographic

areas and do not migrate together at the same rate They

also argued that origin life history characteristics and

chance may be more important in the control of coastal

migrations than ocean temperatures

American shad may grow about 100 mm per year until

they reach sexual maturity then their growth slows to

about 50 mm per year through adult life95 Size at age is

typically greater in females than males in Chesapeake

Bay73 and elsewhere and greater in northern stocks than

southern stocks The northsouth stock difference appears

to be genetically controlled 77122 Adult American shad

from northern stocks also live longer than adults from

more southern stocks Melvin et al `9 caught a male and

female in the Annapolis River Nova Scotia that were 12

and 13 years old American shad from midAtlanticpopulations
live for seven to nine years124 but most adults are

ages six and seven

There is a paucity of information on age at maturity for

American shad in general and none for stocks in the

Chesapeake Bay system73 The available data suggest that

males reach maturity at four or five years old about one

year earlier than females93141 American shad collected in

the Susquehanna River and Flats region of Maryland are

generally mature by age three males and age four

females according to Weinrich et al150 Females from

Canadian populations tend to mature at a younger age

than females frommidAtlantic stocks but there is no clear

latitudinal gradient in age at maturity along the Atlantic

seaboard77

For frequency of repeat spawning there is a clearlatitudinal
gradient

14877
In southern stocks FloridaGeorgiaSouth Carolina the adults die after their firstspawningand repeat spawning does not occur Repeat

spawning occurs at very
low frequencies < 5 in North

Carolina stocks122 During the 1970s repeat spawning

males and females combined increased progressively

along the Atlantic Coast to 20 in the Potomac River

Maryland 23 in the York River Virginia 27 in the

James River Virginia 37 in the Susquehanna River

Maryland and Pennsylvania 57 in the Hudson River

New York 63 in the Connecticut River and 73 in the

St John River New Brunswick77

In recent years the percentage of repeat American shad

spawners in the Susquehanna River region of theChesapeakeBay has been relatively low15° Repeat spawning

for males and females combined 19801984 ranged from

27 1981 to 1214 1980 Because repeat spawning

is so low in Maryland stocks the size of the spawning run

in one year is more a function of the spawning success in

prior years than of the contribution of repeat spawners

This stock condition argues for limitations on fishing

exploitation to allow an increase in repeat spawning73

Fecundity in American shad is relatively high and typically

ranges from about 100000600000 eggs per female

depending upon length weight age and origin of the

fish124 In the York River Virginia and the Potomac River

Maryland fecundity ranged from 169000525000 eggs

per female during the 1950s148 A trend toward higher

fecundity per unit body weight in southern American shad

stocks compared to northern stocks has been observed

This latitudinal trend in fecundity can be viewed as an

evolutionary adaptation which could compensatesomewhatfor the opposite latitudinal trend in frequency of

repeat spawning

HICKORY SHAD
The hickory shad is somewhat of a mystery to fishermen

and ichthyologists because so little is known about its

general life history Most detailed information comes from

studies in Maryland Virginia North Carolina and

Georgia13647497397103119122124126138

Spawning Activity
As recently as the early 1950s some ichthyologistsspeculated

that hickory shad spawned in salt water and did not

ascend freshwater streams in the Chesapeake Bay system

to spawn97 This perception later disproved was inspired

by the relative scarcity of juveniles in freshwater and

brackish habitats We now understand that hickory shad

are anadromous and begin to ascend freshwater streams

for spawning in early spring when water temperatures

reach 12 or 13°C Spawning can occur between March and

early June depending upon latitude over a watertemperature
range of 12 to 22°C124 Peak spawning occurs

during April and May when water temperatures arebetween151900 9697119126138 In Chesapeake Bay hickory

shad spawning runs may precede American shad runs and

typically begin during March and April135 Peak spawning

activity occurs between late April and early June132 when

water temperatures reach 22°C73

Specific spawning sites in the Chesapeake Bay are not

well documented122 Mansueti97 concluded that hickory

shad spawned about 610 km upriver from the major

spawning sites for American shad in the mainstem of the

Patuxent River Maryland

In Virginia the major hickory shad spawning sites are in

mainstem rivers at the fall line but some appear to spawn
further downstream and also in tributaries39 In 1967

gravid or ripe hickory shad were collected in the mainstem

of the Mattaponi River between river miles 35 and 54 and

in the mainstem of the Pamunkey River between river

miles 45 and 6737 In 1968 gravid or ripe fish werecollected
in the mainstem and tributaries of theRappahan94
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nock River between river miles 31 and 95 during April

and May 41 The same report also listed a catch of two ripe

male hickory shad in the mainstem Potomac River at river

mile 99 The James River was surveyed in 196938 Ripe or

gravid hickory shad were collected in the mainstem in

tributaries between river mile 40 and 59 and also in the

Appomatox River Hickory shad have been observed

spawning in the James River at the fall line near Richmond

The major spawning sites for hickory shad in North

Carolina are in the freshwater reaches of coastal rivers103

Pate119 surveyed hickory shad spawning sites in the Neuse

River North Carolina and collected eggs and larvae only

in flooded swamps and sloughs off the channels oftributarycreeks and not in the mainstem river Hickory shad

apparently spawn in flooded areas off the channel of the

Altamaha River Georgia and not in the mainstem of the

upper reaches

During peak spawning activity probably between dusk

and midnight hickory shad eggs apparently are broadcast

into the water column and fertilized by accompanying

males9164 We could find no other information on hickory

shad spawning behavior

Egg and Larval Development
The early development of hickory shad was described by

Mansueti97 The eggs are slightly adhesive andsemidemersal
in slowmoving waters but partially buoyant

under more turbulent conditions98 The fertilized and

waterhardened eggs are transparent spherical and

range
from 096164 mmin diameter97 Egg development

is characterized by meroblastic cleavage and a pattern of

embryonic differentiation similar to that found in other

clupeid eggs Incubation time
ranges

from 4872 h at

temperatures between 21 and 18°C

Collections of juvenile hickory shad are sparse97124 The

fragmentary records suggest that most young fish leave

their freshwater and brackish habitats in early summer

and migrate to estuarine nursery areas at an earlier age

than other anadromous alosids197104133 This conclusion

is supported by catches of juvenile hickory shad in a surf

zone off Long Island New York from April toNovember125Studies in the Neuse River North Carolina119suggestedthat young hickory shad may migrate directly to

saline areas and not use the oligohaline portion of the

estuary as a nursery area The freshwater zone which

forms on the scales of anadromous clupeids is difficult to

see on scales from adult hickory shad

A hypothetical growth curve for hickory shad developed

by Mansueti97 suggested that juvenile growth during the

first season in the Patuxent River Maryland exceeded that

of the other three alosid species Growth curves for male

hickory shad collected during 1970 in Octoraro Creek

Maryland showed rapid growth rates during the first three

years
of life similarto growth rates for hickory shad in the

Altamaha River Georgia and Neuse River North

Carolina126 By age III 79 of the growth in length was

completed for the Octoraro Creek males Juvenile hickory

shad collected during bottom trawl surveys conducted by

the Virginia Institute of Marine Science VIMS in the

Rappahannock River Virginia during 1968 and 1969

averaged 73 mm in July and August and 118 mm in

September One juvenile collected in October 1968

measured 138 mm The larger size of juvenile hickory

shad compared to the other alosid species may be due to

the earlier spawning time for hickory shad and a faster

growth rate Juvenile hickory shad collected in theAltamaha
River Georgia averaged 81 to 90 mm fork length

FL during July and August Additional data on juvenile

hickory shad growth in southeastern US rivers is

presented in Rulifson et al124

Newlyhatched larvae are typically clupeidform and

slender with a large granulated yolksac in the anterior

quarter of the body relatively large eyes and atransparentbody with
sparse pigmentation Size at hatching

ranges from 5265 mm TL At four to five days old and

5570 mm TL the yolk is fully absorbed and thepostlarvae
are ready to feed exogenously Mansueti97 observed

high mortality in laboratoryreared larvae after yolkabsorptionnone of the larvae could be induced to feed

Postlarvae transform to juveniles when 1035 mm
long14673

Juveniles
Young hickory shad 920 mmTL are difficult to distinguish

from the young of other anadromous alosids such as

American shad alewife and blueback herring97 Ashickoryshad grow beyond 20 mm TL the strongly projecting

mandible straight dorsal profile and low number of gill

rakers on the first arch serve as important diagnostic

characters

We could find no information on mortality rates for

juvenile hickory shad

Subadults and Adults
When young hickory shad leave the spawning areas and

presumably move quickly through estuarine waters to the

sea their life history becomes very obscured Hickory

shad were mature by 287 mm TL males 320 mm TL

females and at about age III in the Patuxent River

Maryland in 195497 Adults in this spawning run ranged

from about 290450 mm TL From spawning checks

Schaeffer126 concluded that about 80 of the male hickory

shad collected in Octoraro Creek Maryland in 1976

matured at age II with the rest maturing at age III Females

tended to begin spawning ayear or so later than the males

The bimodal ages of males in Octoraro Creek were V and

VI 16 were VII and one male was VIII Females ranged

from four to seven years old with five and seven year olds

each representing 43 of the sample population The age
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and size distribution of hickory shad populations in US
east coast river systems from Florida to North Carolina

ranged from two to eight years and 216487 mm FL124

Females tend to be larger at age than males73

In general repeat spawning appears to be common in

hickory shad runs but it is also variable among river

systems and can range from < 10 to over 806393122124

Schaeffers126 sample of hickory shad from Octoraro

Creek Maryland showed that all fish spawned every year

Most of the females he examined were on their third

spawning run the males were about evenly dividedbetween
their fourth and fifth runs One female was on her

fifth run and one male was on his seventh In Georgia

streams individual hickory shad can make at least one

and commonly up to three to four spawning runs Pate119

observed that hickory shad in the Neuse River North

Carolina normallymake three spawning runs per lifetime

but some males make up to five runs

Limited fecundity data are available for hickory shad Two
estimates of fecundity for hickory shad populations in

Octoraro Creek Maryland were 476236 and 488867 eggs

per female Numbers of eggs per female can range from

43556 in threeyear old fish 325 mmto 347610 eggs in

sixyear old fish of 434 mm119 Manooch96 reported that a

twoyear old female can spawn 61000 eggs and a sixyear

old female more than 300000 Street138 estimated the

fecundity of the Altamaha River Georgia population of

hickory shad at 509749 eggs per female

Gonadal maturation in females is very rapid97 Adultcollectionswere typically composed of all green not ready

for spawning or all spent fully spawned females The

ovary of a single female collected during the spawning

run contained groups of eggs in various stages
ofmaturationThese observations suggest that ripe eggs are

released in small numbers over a prolonged period rather

than during a single brief spawning event

After spawning hickory shad return to oceanic waters

where their distribution and movements are essentially

unknown 122138 Hickory shad occasionally are harvested

during summer and fall along the southern New England

coast5 These observations suggest that hickory shad may

migrate northward from the midAtlantic and southeast

Atlantic spawning rivers in a pattern that is similar to the

coastal migrations of American shad35

ECOLOGICAL ROLE

AMERICAN SHAD

Food Habits

Young American shad are opportunistic and size selective

plankton feeders Copepods other crustaceanszooplankterschironomid larvae and terrestrial insects are

important food items for the young fish in fr
e
s
h
w

a
te

r

8081101147 Juveniles occasionally consume small

fish species such as striped anchovy bay anchovy and

mosquitofish58153 In the ocean copeopods and mysids

are primaryfoods for all size American shad 13o
Adults also

consume ostracods amphipods isopods insects and

small fishes5879

Competition
Juvenile American shad often coexist with youngblueback

herring and alewife in the same freshwater nursery

areas Hence opportunities exist for interspecificcompetitionamong these three alosids Competition between

juvenile American shad and juvenile alewife may beminimized
by differences in diel activity patterns127Competitionbetween juvenile American shad and juvenileblueback

herring maybe minimized by differences in feeding

habits5042

Competition with gizzard shad in the Susquehanna River

and upper Chesapeake Bay may have contributed to the

decline of upper Bay stocks of American shad or could

be another factor that is delaying recovery
of these stocks

but the meager evidence is circumstantial The annual

catch per effort of gizzard shad in the fish lift atConowingoDam on the Susquehanna River steadily increased from

1972 through at least 198113 a period of rapid decline for

American shad in Maryland135

American eels prey upon American shad eggs andjuvenilesin freshwater and striped bass prey on thejuveniles99148Commercial landings of bluefish a potential

predator of young American shad were relatively high

from 1972 through 198665 Large bluefish were also very

abundant in the Bay from May through midOctober

during 1988 Predation on juvenile American shad by

bluefish and other large predators eg weakfish isperhapsa minor factor that could be delaying the recovery of

American shad stocks in the Chesapeake Bay Subadult

American shad have been found in seal stomachs109 The

adults appear to have few predators other than man131

HICKORY SHAD
We could find no information on the food habits of larval

or juvenile hickory shad The adults are primarilypiscivorous
but also consume squid fish eggs small crabs

and pelagic crustaceans 55154 The adults apparently do

not feed during their freshwater spawning migrations119

We could find no information on competition or predation

for hickory shad Competition with gizzard shad in the

Susquehanna River may have contributed to the decline

of the hickory shad populations in the upper Chesapeake

Bay or is at least one factor that is delaying recovery of

the stocks The abundance of gizzard shad in theConowingoDam fish lift Susquehanna River steadilyincreasedfrom 1972 through 198113 coincident with a

period of rapid decline for hickory shad in Maryland The
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synchrony may be causative or coincidental we do not

know

POPULATION STATUS AND TRENDS IN

CHESAPEAKE BAY

AMERICAN SHAD

Historically American shad was a major fishery resource

all along the Atlantic seaboard However between 1897

and 1940 annual harvests declined from over 20 x 106 kg

to about 5 x 106 kg99 Suspected causes of these coastwide

declines include pollution and siltation of spawning

rivers overharvesting and construction of dams which

prevented access to several spawning areas148

Records of Commercial and Recreational

Landings
The American shad fishery in the Chesapeake Bay steadily

increased throughout the 1800s and reached prominence

toward the end of the century148 Commercial landings in

Maryland peaked in 1890 at 32 x 106 kg In 1896 the

Maryland portion
of the Bay was the fourth largest

producer of American shad in the US99 The Susquehanna

River and the upper Bay region once had the largest

populations of spawning American shad inMaryland134135Commercial landings in Virginia peaked in

1897 at 52 x 106 kg

Commercial landings and stock abundance have steadily

declined in the Chesapeake Bay since the late 1890s

Maryland and Virginia continued intensive exploitation of

American shad through the 1960s even though the stocks

were declining73 By 1979 commercial landings in

Maryland and Virginia had decreased to 82 x 103 kg and

4514 x 103 kg122

The history of the recreational fishery for American shad

began in the 1880s but this source of exploitation is not

well documented73 There were no survey data collected

which described the extent of the recreational fishery

when American shad were abundant in the Chesapeake

Bay Limited recreational surveys and creel censuses

began in the late 1950s in the Conowingo Dam area of

the Susquehanna River73 In 1958 and 1960 about 15000

and 13000 American shad about 27000 and 24000 kg
were caught by anglers in the Conowingo Dam tailrace

In 1980 the commercial and recreational fisheries for

American shad were closed in Maryland135 but not in

Virginia Reported annual landings of American shad in

Virginia from 1980 to 1985 stabilized at relatively low

levels and have ranged from 02 x 106 kg to 07 x 106 kg7

Commercial landings are only a rough index of American

shad abundance in Chesapeake Bay but nevertheless are

the primary source of information Little is known about

the trends in effort either directed at or incidental to the
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commercial fishery for American shad73 I
f catchability

increased as stock abundance declined as Crecco and

Savoy30 observed the American shad stock in theChesapeakeBay actually may have been declining before the

records of commercial landings declined135 Recreational

catches of and fishing effort for American shad are not

compiled in Maryland and Virginia but both are probably

small relative to commercial landings and effort Foradditional
information on the commercial and recreational

fisheries for American shad in the Maryland portion of the

Bay see Krauthamer and Richkus73

Juvenile Abundance Indices

The relationship between numbers of juvenile American

shad produced each year and parental stock size has been

studied intensively in the Connecticut River3031 It was

concluded that yearclass strength was not related to stock

size but was regulated primarily by environmentalfactors
particularly river flow and temperature Onlyrecentlyhave detailed life history and population dynamics

studies been initiated in other Atlantic coast spawning

rivers122

I
f American shad populations in Maryland likewise are

influenced strongly by environmental factors thedecliningtrend in juvenile abundance indices for 1958 through

1984 juvenile finfish seine survey135 suggests thatenvironmentalconditions were periodically unfavorable

through the early 1970s and have been consistently

unfavorable since Unfortunately the degree to which the

seining sites selected to provide striped bass monitoring

information are representative of the American shad

nursery habitat has not been established73

Current population levels of American shad are very low

in Maryland and perhaps near or below the critical

threshold for a viable spawning stock size Year class

success should be most dependent upon environmental

conditions when spawning stocks are large and upon

spawning stock size when spawning stocks aredepressedTherefore parental stock size may be playing a

much larger role in juvenile production in Maryland rivers

compared to Virginia rivers the Connecticut River or the

Hudson River where American shad stocks are more

abundant122

Methods used in Virginias juvenile American shad survey

have changed over the years so only a limitedtime series

is comparable to the Maryland survey135 In two Virginia

rivers the Mattaponi and Pamunkey juvenile abundance

indices were relatively stable between 1980 and 19876

Current Status of Spawning Populations
in Major Bay Tributaries
A qualitative assessment of the current status of American

shad spawning populations in each of the major river

systems in Chesapeake Bay is presented in this section
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Another recent assessment carried out independently by

Richkus etal123 reached similarconclusions and generally

confirmed our observations

Our assessment was drawn from recent survey data the

observations of fisheries biologists associated with those

surveys and other informed individuals676086878889
9192114149150 and personal communications JamesMowrerJay ODell Harley Speir and James Uphoff Maryland

Department of Natural Resources Herb BenjaminNortheastMaryland Joice Davis Joseph Loesch and James

Owens Virginia Institute of Marine Science Thisassessment

is relevant to the 1980s especially the latter half of

the decade and represents a perspective on the current

spawning populations compared to conditions in the late

1960s and early 1970s when Baywide American shad

populations were much more abundant than they are

today

Susquehanna River and upper Chesapeake

Bay
The population is at a very

low level of abundance but

appeared to increase about 28fold between 1980

population estimate of 2675 adults and 1989population
estimate of 75329 adults In 1989 catch per effort

values for juvenile American shad in haul seines 017 fish

per haul and trawls 057 fish per trawl in the upper Bay

were the highest abundance indices recorded since 1980

Patuxent River

A remnant population that is at a very
low level ofabundanceand may be declining

Potomac River

A remnant population that is at a low level of abundance

Rappahannock River

The population is at a very
low level of abundance and

appears to be declining

York River

The population is at a low level of abundance and appears

to be stable Since 1980 annual juvenile densities were

higher in the Mattaponi River than the Pamunkey River by
an average factor of about four

James River

The population is a
t

a low level of abundance and appears

to be declining

Chickahominy River

Current status is not known but the population isprobablyat a very
low level of abundance There has been no

commercial fishery for American shad since the late

1960s

Pocomoke River

A remnant population that

is at a very low level ofabundancebut
appears to be increasing

Wicomico River

A remnant population that is at a very
low level ofabundanceand

appears to be declining

Nanticoke River

The population is at a low level of abundance but appears
to be stable

Choptank River

A remnant population that is at a very low level ofabundance
Chester River

Probably no spawning run left

Sassafras River

Probably no spawning run left

Bohemia River

Probably no spawning run left

Elk River Chesapeake and Delaware Canal
A remnant population that is at a low level of abundance

but may be increasing

Northeast River

Probably no spawning run left

HICKORY SHAD
Hickory shad never have been as abundant as other

alosids in Chesapeake Bay65 probably because they are

near the northern limits of their spawning range2135Hickoryshad are of minor importance as a foodfish because

the meat is bony and considered inferior to the larger

American shad However hickory shad roe is considered

by some to be superior to American shad roe Hickory

shad are a desirable sport fish during the spawning
run65126

Records of Commercial and Recreational

Langings
Hickory shad frequently are misidentified and taken as

bycatch in commercial fisheries directed at the larger

American shad122 Therefore records of commerciallandingsmay underestimate actual landings and offer aninaccurate
profile of hickory shad population status and

trends Little is known about trends in fishing effort in

Maryland directed at or incidental to the commercial

fishery for hickory shad73 In Maryland records ofcommercial
landings available from 1959 through 1979 ranged

from a high of 20955 kg in 1970 to a low of 368 kg in

1977122 In January 1981 the catch of hickory shad in
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Maryland was prohibited and the commercial andrecreational
fisheries have remained closed65

In Virginia records of commercial landings for 1920 to

1981 ranged from a peak of 106171 kg in 1925 to a low

of 629 kg in 19772 Since 1977 the reported landings of

hickory shad in Virginia have remained fairly stable near

the low catch of 197765 Commercial and recreational

fishing for hickory shad in Virginia currently is not

prohibited

Directed fisheries for hickory shad in Chesapeake Bay

during the 1960s and 1970s were limited to a few early

spring gill
netters and pound netters and spotty spring

recreational fisheries in several streams prior to the

spawning migrations of the more abundant American

shad and river herrings
213135

Sport fishermen takehickoryshad by casting shad darts spoons and spinners in

nontidal reaches near the spawning grounds74 Limited

recreational surveys and creel censuses concentrated in

the Conowingo Dam vicinity of the Susquehanna River

Maryland began in the late 1950s73 In 1958 therecreational
fishery in this area caught and reported 2755hickoryshad about 5000 kg In 1960 anglers caught about

4000 hickory shad about 5400 kg in Octoraro and Deer

Creeks both tributaries to the lower Susquehanna River

in Maryland

Collections of adult hickory shad during spring 1975 and

1976 in Octoraro Creek Maryland126 showed an abnormal

age distribution skewed toward the older age groups 91
of the collections were comprised of age V or older fish

Year class contributions showed evidence of a decline

since 1970 with no recruitment to the populationspawningin Octoraro Creek since 1972 Schaeffer126 concluded

that the hickory shad spawning runs into theSusquehanna
River Deer Creek and Octoraro Creek noticeably

declined beginning about 1973 Additional observations

which supported the evidence for this period of decline

were reported by Krauthamer and Richkus73 Numbers of

hickory shad taken by hook and line in Deer Creek

Octoraro Creek and Northeast Creek apparentlyincreasedfrom essentially none in the early 1980s to a few

by the late 1980s personal communication HerbBenjaminHerbs Tackle Shop Northeast Maryland

Chesapeake Bay97 However little information isavailable
on the specific distributions of the early life stages in

Maryland tributaries or in the James PamunkeyMattaponiYork Rappahannock and Potomac Rivers ofVirginia39The available information indicates that hickory

shad spawning populations in Chesapeake Bay are now

at very low levels of abundance in a few tributaries and

probably nonexistent in most others

A single runningripe or spawnable female and several

runningripe males were collected on May 10 1956 in a

tidal fresh area of the upper Patuxent River near Queen

Annes Bridge in Anne Arundel County Maryland97 Adult

hickory shad were collected at this spawning location

from about midApril mean river temperature
= 12°C

through early June mean river temperature
= 18°C The

same section of the Patuxent River was sampled with

seines in spring 1975 but no hickory shad werecollected126
Local residents and fishermen reported that

hickory shad had been rare in that section of the Patuxent

River since about 1970 In 1955 many adult hickory shad

were examined from catches of anglers and netters in the

Patuxent Choptank and Northeast rivers Maryland but

only green roe ova not yet ovulated and spent

spawnedout individuals were found97 In spring 1975

and 1976 Schaeffer126 sampled Octoraro Creek near the

Rowlandsville Bridge a tributary to the Susquehanna

River in Cecil County Maryland He collected 71 adults

63 males and 8 females for age and growthexaminationsOctoraro Creek was a popular sport fishing area for

hickory shad during the spawning run prior to closure of

the fishery in Maryland in 198173

Transforming young hickory shad 920 mm TL were

tentatively identified by Mansueti97 from planktonsamplescollected on May 7 1954 in the upper Patuxent River

estuary near Lower Marlboro Maryland in slightlybrackish
water about 9 km downstream from a knownspawninglocation During an eight year seine survey

of young

fishes in the Patuxent River 19501958 from June

through October only a few dozen hickory shad juveniles

were collected while several thousand of the other three

alosid species were captured97 The sparse data suggest

that most juvenile hickory shad emigrate from thespawning
rivers and estuaries in early summer before the

juveniles of the other three species of alosids leave

Juvenile Abundance Indices
We could find no information on annual abundance

trends for juvenile hickory shad in Maryland or Virginia

tributaries to Chesapeake Bay Very few juveniles were

taken in Marylands Baywide seine survey eg 2 in 1961

2 in 1969 and 1 in 197173

Current Status of Spawning Populations
in Major BayTributaries
Hickory shad either have been collected or authoritatively

reported to occur throughout the Maryland portion of

Lippson et al83 speculated that the distribution of hickory

shad in the Potomac River approximates that of American

shad Their Folio Maps 7 and 8 show that hickory shad

spawn from late April through May mostly in the tidal

freshwater mainstem of the Potomac River on open water

shoals Some spawning also may occur in slightly brackish

areas 03 ppt salinity and in the lower portions of some

tributaries such as St Clements Bay St Marys County

Nanjemoy Creek Charles County and Broad Creek

Prince Georges County Adult hickory shad may lag
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slightly behind adult American shad in leaving the

Potomac River and returning to the Atlantic Ocean after

spawning

The current distribution of hickory shad spawning in

Maryland waters of Chesapeake Bay is largely unknown

presumably due to their very low abundance and the

relative lack of interest in hickory shad compared to the

other alosids Surveys of fish eggs and larvae in the

Patuxent River 19631965 and in the upper Bay 1966
and 1967 failed to collect any hickory shad

eggs or

larvae44 One egg was collected in the Magothy River in

1965 ODell et al113 did not collect any hickory shad

adults or eggs during a 19701971 survey o
f the Potomac

River drainage system They did collect a few hickory shad

larvae in the Wicomico River Charles County at the

mouth of Allens Fresh Run and in Broad Creek They also

described hickory shad larvae as being of probableoccurrencein Nanjemoy Mattawoman Pamunkey and

Piscataway creeks

No evidence of hickory shad spawning was documented

in the mainstem Patuxent River and 58 tributaries between

1980 and 1983114 The section of the upper Patuxent River

from Queen Anne Bridge upriver to US Route 50 was the

site of an active sport fishery for hickory shad until about

1970

No hickory shad were collected during 1984 and 1985 in

the mainstem Choptank River and 13 tributaries150 No

hickory shad were collected during 1985 juvenile alosid

surveys in the Chester Choptank Nanticoke Pocomoke
and Patuxent rivers and in the upper Bay region6oHickoryshad eggs were collected from one MarylandDepartmentof Natural Resources MDNR sampling site in the

Wicomico River Eastern Shore at river mile 133 in spring

1986149

Juveniles were collected at Mill Pond Chester River and

Middle River in the upper Bay region73 Anectodalinformation
suggests that some adult hickory shad ocassionally

still are being caught and presumably released by sport

fishermen in a few upper Bay tributaries Deer Octoraro

and Northeast creeks personal communications Harley

Speir MDNR and Herb Benjamin Herbs Tackle Shop
Northeast Maryland The MDNR alosid surveys during

the 1980s offer only a few insights into the distribution of

hickory shad spawning populations in Maryland and

support the perspective that hickory shad stocks are at

very low abundance levels

The current distribution of hickory shad spawning

populations in Virginia waters is not much more certain

Two recent reports described the results of surveys of

tributaries in the lower James River
15 and the middle

James River116 for spawning use by striped bass and

anadromous alosids Barriers to upstream movements of

migratory fish also were identified in each tributaryHickoryshad were not mentioned The same survey approach

was extended to 148 Virginia tributaries of the lower

Potomac River downstream of Great Falls117 The report

concluded that anadromous alosids do not spawn in any

tributaries downstream fromPopes Creek river mile 38
The authors did not mention the current use of anysurveyedtributary by hickory shad

Our review of several annual reports of Alosa stockcompositionand yearclass strength in Virginia compiled from

1976 to 198867848687888991929394 did not find mention of

any adult juvenile hickory shad collections in the James

Appomatox Chickahominy York Pamunkey Mattaponi

Rappahannock or Potomac rivers The consensus among
fisheries workers at the Virginia Institute of Marine Science

VIMS is that remnant populations of hickory shadprobablystill spawn in the Rappahannock and York River

systems but in such low numbers that juveniles have not

been collected in push net or trawl surveys conducted

since the early to mid1970s personal communications

Joseph Loesch Joice Davis and James Owens VIMS
Their views are based on scattered reports of hickory shad

catches during the 1980s by sport fishermen andcommercial
gill netters operating near Tappahannock on the

Rappahannock River and by commercial gill netters

operating near West Point on the York River at theconfluenceof the Mattaponi and Pamunkey rivers

HABITAT REQUIREMENTS

AMERICAN SHAD

Temperature
Suitable water temperatures for the development and

survival of American shad eggs range from 1326°C13795

The optimum temperature for egg development is about

17°C8° Temperatures below 810°C and above 27°C are

unsuitable because embryo development either ceases or

abnormalities appear in the resulting larvae No viable

larvae developed from eggs incubated in watertemperaturesabove 29°C8 Abnormalities also may occur if egg
incubation temperatures rise to 22°C80

American shad eggs can tolerate extreme temperature

changes if exposure durations are relatively short Schubel

and Auld129 simulated the timetemperature exposure
conditions associated with cooling water condensersystemsof steamelectric generating stations Eggs wereexposedto temperatures from 22524°C for 525 minutes

and then cooled to ambient temperatures over 13 h Eggs

acclimated at 185°C exhibited no significant hatching

differences between the control and treatment groups A
similar experiment exposed eggs to temperatures from

225265°C for 2560 minutes128 Eggs acclimated at

165°C showed no significant differences in hatchingsuccessamong the various timetemperature treatments
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American shad eggs were acclimated at 1724°C and then

exposed to temperature increases of 10145°C for 2560

minutes69 Temperatures 340°C were lethal to eggs

lower temperatures produced variable results Similar

results were reported for eggs acclimated to 205°C and

exposed to temperatures in excess of 35°C130 American

shad eggs acclimated at 205°C could tolerate a 30 minute

exposure to 305°C However the eggs could tolerate only

a five minute exposure at 352°C Koo et al72 and Koo7Q

also reported an upper incipient lethal temperature of

325°C for American shad eggs after a 15 minute exposure

Sensitivity to temperature decreased as egg development

increased71 Younger eggs gastrula stage weresignificantlymore sensitive to 295°C than the older stages

tailfree embryo which could tolerate 315°C

Maximum survival of American shad larvae occursbetween155265°C64 Koo et al71 and Koo70 reported that

larvae acclimated to 205°C survived a brief 15 minute

exposure to 315°C but suffered significantly greatermortalitywhen exposed to 335°C

The effects of heated effluents on juvenile American shad

were examined by Marcy et al102 in an insitu experiment

A livebox containing the test organisms was drifted

through the heated effluent of a power plant on the

Connecticut River The following behavioral changes in

response to heated effluent were observed a schooling

was not observed at ambient temperatures 19°C b the

juveniles formed a tight school immediately uponenteringthe heated effluent c the juveniles began swimming

rapidly in a circular pattern and then dispersed into

smaller schools after one minute of exposure to 30°C d
disorientation and small school disintegration occurred

after two minutes of exposure to 312°C e no evidence

ofschooling and continued disorientation associated with

loss of equilibrium occurred after 34 minutes of exposure

to 318°C and f total mortality occurred within 46

minutes of exposure to 322°C This upper lethaltemperature

is similar to that reported in laboratory studies 111121

Underwater observations during submerged cage tests

indicated that the juveniles avoided effluent temperatures

greater than 30°C The investigators concluded that 30°C

was the upper natural temperature limit

A habitat suitability index for American shad indicated that

the optimumtemperature range for juveniles is156239°C28Larvae and juveniles were collected when

temperatures were between 1025°C in the upperChesapeakeBay 93 were collected at 21°C44 JuvenileAmericanshad can detect and avoid rapid temperature increases

in excess of 4°C above ambient 2428°C111 Juveniles

should be able to avoid potentially upper lethaltemperatures
during migration from nursery areas Young

American shad avoided effluent temperatures greater

than 30°C by swimming below the power plantoutflow101The natural upper temperature limit for juveniles

is near 30°C A 96 h TL50 lethal temperature that killed

50 of the test organisms of 316°C was reported for

young American shad acclimated to 24°C 45

A series of temperature
avoidance studies with juvenile

American shad was summarized in a power plant annual

operating report121 Individuals acclimated to 28°C

avoided temperatures ranging from 3234°C A critical

thermal maximum of 3435°C was reported for juvenile

American shad in the Neuse River North Carolina59

The effects of decreasing temperatures on juvenileAmerican
shad acclimated to 24°C was examined byChittenden21He concluded that the lower lethal temperature

was 22°C Survival was limited after extended exposure

to 46°C In other studies of the effects of temperature

decreases121 juveniles
acclimated to 25°C suffered 100

mortality when the temperature was decreased to 15°C

No survival was recorded for juveniles acclimated to 15°C

and exposed to temperatures S 5°C Individualsacclimated
to 5°C and then exposed to 1°C also experienced

100 mortality

Salinity
American shad eggs were collected in areas of the upper

Chesapeake Bay with 01 ppt salinity44 Eggs and larvae

can survive exposures to salinities ranging from 7515 ppt

at 12 and 17°C80 Survival at 15 ppt was greater at 17 than

at 12°C Young American shad appear to be
very tolerant

of a wide range of salinities and this tolerance begins

early in life20

Larval and juvenile American shad were collected only in

freshwater areas in the upper Chesapeake Bay44Chittenden23examined the effects of rapid and gradual six day

changes between salt water and fresh water on juveniles

held at 17°C No mortality was observed when juveniles

were abruptly or gradually transferred fromfresh water or

5 ppt to 30 ppt These results are similar to thoseChittenden22
reported for salinity transfer experiments conducted

with blueback herring Conversely 100 mortalityoccurredwithin 919 h when juvenile American shad were

transferred directly from 30 ppt salinity to fresh water No

mortality was observed when juveniles were moveddirectlyfrom 5 ppt to fresh water23 Ions in salt water

apparently act as buffers to reduce the Bohr effect thereby

increasing the handling success with American shad in salt

water compared to fresh water

Given their anadromous life history adult American shad

should also exhibit a wide range of salinity tolerance

Dodson et al41 examined the effects of salinity on adults

by observing their movements with ultrasonic tracking

techniques They reported that a 2453 h period within the

saltwaterfreshwater interface zone was necessary for the

adults to make physiological adjustments successfully

during spawning runs from salt water to fresh water
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Significant mortality of adult American shad that began

five hours after a transfer from salt water 28 ppt to fresh

water accompanied by a 56°C temperature increase was

reported by Leggett and OBoyle 7
8 Changes in several

blood chemistry parameters were also noted

Temperature and Salinity
The tolerance of juvenile and adult American shad to rapid

temperature and salinity changes was examined by

Tagatz142 The juveniles generally could cope with abrupt

transfers from salt water to fresh water but had difficulty

adapting to transfers from fresh water to salt water No

mortality was observed when juveniles were abruptly

transferred from salt water 15 and 33 ppt salinity to fresh

water in association with temperature increases < 14 °C

Conversely 100 mortality no survival was observed

when juveniles were transferred from fresh water at

211°C to salt water 33 ppt at 72128°C Survival varied

from 3050 after two days when juveniles weretransferredfrom fresh water to 15 ppt in association with a

temperature decrease <4 °C Mortality was 60 after 48 h

when juveniles were transferred directly from fresh water

to 33 ppt at 211°C

A discrepancy in juvenile survival was noted between the

data of Tagatz142 and Chittenden23 Chittenden23 reported

no mortality after 16 days when juveniles were transferred

abruptly from 0 to 30 ppt at 17°C whereas Tagatz142

reported 60 mortality after two days when juveniles

were abruptly transferred from 0 to 30 ppt at 211°C

Adult American shad were tolerant of rapid changes from

fresh water to salt water 2324 ppt during a temperature

change < 9°C but they did not survive rapid changes from

salt water 27 ppt to fresh water during a 14°Ctemperature
increase Mortality of adults varied from 040 during

direct transfers from salt water 1325 ppt to fresh water

in association with temperature increases < 56°C

Dissolved Oxygen
Lethal dose LD50 values for dissolved oxygen DO
ranged from 2025 mgL1 for Connecticut River American

shad eggs and were close to 35 mgL1 for Columbia River

eggs8 The LD50 values were based on the
percentage of

crippled or abnormal larvae that hatched from eggsincubatedat several DO concentrations A good hatch with

a high percentage of normal larvae required DO levels

during egg incubation of at least 40 mgL1 No eggs

survived DO levels of 10 mgL1 No American shad eggs

were collected in the Connecticut River when DOconcentrationswere less than 5 mgL1 1°
Eggs were collected

in the Neuse River North Carolina within a DO range of

610 mgL154 I could find no information on DO optima

or tolerances for American shad larvae

Juvenile and adult American shad require relativelywelloxygenatedwaters Dissolved oxygen concentrations less

than 50 mgL1 should be considered sublethal to juveniles

and adults1° Concentrations of DO less than 30 mg
blocked adult and juvenile migrations and concentrations

less than 20 mgL were lethal For migrating adults and

juveniles DO must be at least 4 to 5 mgL in headponds

above hydroelectric dams on the St John River New
Brunswick62 Healthyappearing juveniles were collected

in the Hudson River New York where DO was 4 to 5

mgL1 1°

In the laboratory DO less than 5 mgL1 was lethal to

juvenile American shad46 however Chittenden24believed
these findings were biased by handling stress

Chittendens studies2024 showed that juvenile American

shad did not lose equilibrium until DO decreased to

2535 mgL1 mortality increased at DO below 2 mgL1
and all fish died when DO declined to 06 mgL1 Minimum

daily DO levels of 2530 mgL should permit American

shad to migrate through polluted areas but 40 mgL1

appears to be needed in spawning areas24 Theseconclusionsare supported by recent observations ofincreased
spawning of American shad in the Delaware River

coincident with improved DO concentrations in the tidal

portion105

No mortality was observed when juvenile American shad

were exposed for 96 h to DO concentrations between 24

mgL1 but respiratory movements increased when DO fell

below 4 mgL1
143 Dorfman and Westman43 reported that

juveniles could survive brief5 minute exposures to DO
concentrations as low as 05 mgL1 at 178°C if DO
greater than 3 mgL1 was readily available to the test

organisms The juveniles apparently could not detect and

quickly avoid the low DO concentrations

pH
A paucity of information exists concerning the effects of

pH on various life stages of American shad66 In alaboratorystudy Bradford et al8 reported that fertilized eggs

developed successfully between pH 55 and 95 at 18 to

19°C but most eggs succumbed to pH below 52 032
hatch The calculated lethal dose to 50 of the eggs

LD50 exposed to pH 3060 treatments was about pH 55
however many of the larvae that hatched at pH 55 were

deformed A suitable pH for American shad eggs was > pH
60 In another laboratory study Klauda and Palmer67

reported that advanced embryos 24 h postfertilization

could tolerate pH 57 67 and 75 treatments but not pH
50 treatments with no aluminum present Simultaneous

exposure to acidic pH and a range of dissolved aluminum

concentrations 50400 ggL increased egg mortality

rates in the pH 57 treatment to 84

Yolksac larvae also were exposed to four pH levels 57
62 67 75 and four dissolved aluminum concentrations

50 100 200 400 ggL in the same laboratory study67

The larvae could tolerate acidonly treatments of pH 67
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and 75 but mortality was 100 in the pH 57 and 62

treatments after only a 55 h exposure Simultaneousexposureto the lowest concentration of aluminum 50 µgL1
reduced survival of the larvae in each pH treatment

The effects of acid pulses on prefeeding and feeding

American shad larvae also were examined in thelaboratory68Feeding larvae were more sensitive thanprefeedinglarvae to single acidic pulses pH 7662 pH 7652
with or without a concomitant aluminum pulse 32104

µgL1 A conservative critical acidity condition forAmericanshad reproduction in the Chesapeake Bay wasdefined
by Klauda66 as an acidic pulse from circumneutral

to pH between 6267 associated with a total monomeric

aluminum peak of at least 30tgL1 that lasted for at least

48 hours

We could find no information on pH optima or tolerances

for juvenile subadult or adult American shad

Hardness and Alkalinity
We could find no information on water hardness optima

or tolerances for any life history stage of American shad

Their wide salinity tolerance range see Salinity section

above suggests that hardness is not likely to be a critical

habitat requirement

We could find no information on alkalinity optima or

tolerances for any life history stage of American shad

However since the larvae appear to be quite sensitive to

moderate acidity see pH section above reproductive

success in poorly buffered low alkalinity spawning and

nursery areas that are subjected to episodic or chronic

acidity inputs may be reduced compared to success in

river systems with higher alkalinities that are lessvulnerable
to acidification

Suspended Solids
American shad larvae appear to be more sensitive to

elevated levels of suspended solids than other early life

history stages Suspended solids concentrations < 1000

mgL1 did not significantly reduce the hatching success of

eggs4 However fourday exposures of yolksac larvae to

suspended solids concentrations > 100 mgL1 significantly

reduced larval survival relative to the controls

Extensive dredging of the Hudson River produced no

measurable adverse effects on American shad abundance

compared to other population stressors such ascommercial
fishing144 Adults readily migrate into theShuebenacadie
River Nova Scotia where suspended solidsconcentrationswere sometimes as high as 1000 mgL180 High

turbidity Secchi disk mean = 030 m in the inner Bay of

Fundy Canada may restrict light penetration and provide

the filterfeeding and planktivorous American shad with

a competitive advantage over other large pelagic fishes

that apparently cannot feed effectively in these turbid

conditions34

CurrentVelocity and Turbulence

Optimal water velocities for American shad spawning

habitats and egg incubation success range from about

3090 cm s1137 This velocity range was based on field

observations reported by Walburg and Nichols48 and

Kuzmekus75 Optimal current velocities for larvae and

juveniles probably range from about 630 cm s and from

about 675 cm s 1 respectively

We could find no information on current velocity or

turbulence tolerances for any life history stage of

American shad Velocity and turbulencerelated stresses

encountered by American shad that pass through turbines

at hydroelectric stations could provide some insights to

their
responses to these extreme conditions48

Physical Habitat
Substrate type should be relatively unimportant tosuccessfulAmerican shad spawning since the eggs arebroadcast

into the water column over a range of substrates and

most are carried downstream9599 Only in areas where the

eggs settled to the bottom were covered by silt or sand

and then smothered would substrate become a critical

habitat problem American shad also show little depth

preference for egg deposition and spawn at depthsrangingfrom 0457 m95 Stier and Crance137 suggested that at

least 50 of the estuarine habitat used by American shad

should be subtidal

HICKORY SHAD
Our review of the literature revealed that information on

the habitat requirements for hickory shad is sparse and

limitedto the material presented below Hickory shad are

closely related to American shad and the two riverherringstherefore it is reasonable given current datalimitationsto assume that hickory shad requirements are

similar to the other three alosids6516

Temperature
Hickory shad eggs have been collected in watertemperatures

ranging from 9522°C954103119138139 Eggs hatch in

4872 hours when incubated in the laboratory attemperaturesbetween 2118°C97 We could find no information

on temperature optima or tolerances for any life history

stage of hickory shad

Dissolved Oxygen
Live hickory shad eggs were collected in areas of the

Neuse River North Carolina where DO ranged from 510

mgL154 We could find no information on dissolved

oxygen optima or tolerances for any life history stage of

hickory shad
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Salinity

Juvenile hickory shad were collected during summer in

estuarine sections of the Altamaha River Georgia where

salinities reached 10 ppt138 In August and December they

were captured in salinities ranging from 1020 ppt Adults

were collected in salinities ranging from 20107 ppt in

the St Johns River Florida06 We could find noinformation
on salinity optima or tolerances for any life history

stage of hickory shad Since hickory shad are anadromous

and spawn in mostly freshwater areas salinity tolerance

data for eggs and larvae would be most useful forevaluatinghabitat requirements

pH
Live hickory shad eggs were collected in areas of the

Neuse River North Carolina where pH ranged from646554We could find no information on pH optima or

tolerances for any life history stage of hickory shadBecausethe older juveniles subadults and adults occur

primarily in wellbuffered estuarine and marine habitats

pH tolerance data for the eggs and larvae would be most

useful for evaluating habitat requirements

Hardness and Alkalinity
We could find no information on hardness or alkalinity

optima or tolerance for any life history stage of hickory

shad

Suspended Solids

We could find no information on suspended solids optima

or tolerances for any life history stage of hickory shad

CurrentVelocity and Turbulence
We could find no information on swimming ability and

current velocity or turbulence optima or tolerances for any

life history stage
of hickory shad

Physical Habitat
Adult hickory shad appear to spawn in a diversity of

physical habitats ranging frombackwaters and sloughs to

tributaries to mainstem portions of large rivers in tidal and

nontidal freshwater areas We could find no information

on specific physical habitat optima and tolerances for

other life history stages of hickory shad

SPECIAL PROBLEMS

AMERICAN SHAD

Contaminants
Relatively little information exists on the acute and chronic

effects of contaminants on various life history stages of

American shad

The lethal dose LD50 for sulfates to eggs was > 1000

mgL1 at 155°C 8 The LD50 for iron to eggs was greater than

40 mgL1 over a pH range
from 55728 Eggs exposed to

zinc and lead concentrations of 003 and 001 mgL1 ex

hibited
very high mortality within 36 h of exposure107

Low hardness of the test water 12 mgL1 apparently

intensified the toxicity of these two metals to American

shad eggs Available information on aluminum toxicity to

eggs and yolksac larvae was discussed above in the pH
section

Juvenile American shad avoided a total residual chlorine

concentration of 007 mgL1 when tested in 7 ppt salinity

at 19°C121

Tagatz143 reported 48 h lethal concentrations LC50 for

juveniles ranging from 241791167 mgL for gasoline

No 2 diesel fuel and bunker oil The toxicity of gasoline

and diesel fuel to juvenile American shad increased when

DO was simultaneously reduced Exposure of juveniles to

gasoline concentrations of 68 mgL1 at temperatures of

2123°C resulted in a lethal time LT50 of 50 minutes when

DO was reduced to 2632 mgL1 An LT50 of 270 minutes

was reported when juveniles were exposed to 84 mgL1 of

diesel fuel at temperatures of 2123°C and DO between

1931 mgL1

Nutrients
We could find no information which would directlyimplicate

high nutrient levels as a factor which hascontributed
to the Baywide decline of American shad

populations in Chesapeake Bay The rapid decline in

American shad runs in the Delaware River during the early

1900s was attributed to severely depressed DO in the tidal

river between Wilmington and Philadelphia
20461 10 The

poor water quality apparently blocked a portion of the

adult population during their spring upstream migration

to spawning areas and prevented most of the juvenile

population from emigrating seaward in the fall American

shad spawning has increased in the Delaware River since

1981 presumably because of improved DO in the tidal

areas05 Rulifson et al
124

mentioned low DO sewage

outfalls and poor water quality as nutrientrelated factors

that were possibly important or very important incontributingto the decline of certain populations of American

shad in North Carolina South Carolina Georgia and

Florida

Nutrient inputs to Chesapeake Bay and its tributaries from

point sources stormwater runoff and atmosphericdeposition
are of concern to scientists and resource managers

Excessive nutrient enrichment stimulates heavy growth of

phytoplankton Decay of phytoplankton blooms involve

high rates of oxygen consumption which can lead to low

DO during the growing season in the bottom waters of the

Bays deeper channels and to diurnally low DO in tidal

tributaries27145 These conditions can stimulate fish kills

during hot summer months Nutrient reduction is a major

goal of the 1985 Chesapeake Bay Restoration andProtectionPlan33136
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Parasites and Diseases
American shad seem to be relatively free of parasites131

Parasites that have been reported include nematodes

trematodes round worms sea lice acanthocephalans sea

lamprey and freshwater lamprey148 A bacterium
Aeromonas liquefaciens was the lethal agent in anAmericanshad kill in California51 However stress induced by

low DO < 3 mgL1 probably triggered the epidemic

Impediments to Spawning Migrations
Dams built during the 1800s and in the early to mid1900s

on several major tributaries to Chesapeake Bay have

reduced substantially the amount of spawning habitat

available to American shad217 and likely contributed to

longterm stock declines99 Construction of theConowingohydroelectric power dam at river mile 10 in 1928

blocked all but about 16 km of the Susquehanna River to

American shad spawning migrations The Conowingo

Dam was the fourth in a series of dams that wasconstructedbetween 1901 and 192811 The other three dams
were built at river mile 55 York Haven at river mile 34

Safe Harbor and at river mile 26 Holtwod Before the

York Haven and Holtwood Dams were constructedbetween1904 and 1916 American shad could migrate

upriver at least as far as Binghamton New York river mile

330 to spawn151

A major program is underway in the Susquehanna River

which involves the US Fish and Wildlife Service New
York Department of Environmental ConservationPennsylvaniaFish Commission MDNR and five electric

utilities The multiyear program began in 1980 and seeks

to restore American shad to the river 1772135140141 The

goal of the restoration program is to establish a run of

2000000 American shad through use of hatcheries

transplanting gravid adults and construction of fishpassagefacilities

A second permanent fish passage facility designed for the

Conowingo Dam began operation in spring 1991 at a cost

of $125 million18 This
facility will supplement theexistingfish lift which has operated since 1972 Designplanningfor fishways at the Holtwood Safe Harbor and York

Haven dams on the Susquehanna River is in progress

The Conowingo Dam may have played two additional

roles in the decline of the Susquehanna River American

shad stock The effect of flow alterations at thehydroelectric
facility is one

major issue that has been raised73

Another issue relates to the impoundment ofwater behind

the dam during low flow periods in summer and fall

which leads to the discharge of water with very low DO
to downstream areas

The migration of American shad up the Potomac River

essentially is blocked by Little Falls Dam at river mile 117

about 2 km upstream from Washington DC113 This dam

has excluded American shad from about 15 km ofpotential
spawning habitat since the early 1950s17 Discussions

among officials from the District of Columbia Virginia

Maryland Army Corps of Engineers and interested

federal agencies have suggested several mitigativeoptionsa a new fishway could be constructed on the

Virginia side of the Potomac River b the Corps could

operate and maintain the presently nonfunctional Snake

Island fishway located in the center of Little Falls Dam
and c the Corps could design and construct a new

fishway with funds provided by the mitigation agreement

with the Port America development

In Virginia American shad originally migrated about 465

km up the James River to spawn3 A series of five dams

constructed in the Richmond area beginning in 1804

blocked adults from over 300 km of potential spawning

habitat Presently three of the five dams Manchester

Browns Island Belle Isle are partially negotiable by adult

American shad at most river levels Fish passageways are

planned for the two remaining dams Williams Island and

Boshers Scotts Mill Dam the first dam in the series of

seven around Lynchburg 224 km upstream fromRichmond
recently was granted a license for hydropower

generation by the Federal Energy RegulatoryCommission17The license contains requirements for fish passage

if and when fish reach the dam and fishery agencies deem
fish passage is needed The first two of four dams on the

Appomatox River near Petersburg also were recentlyissued
hydropower licenses that contain provisions for fish

passage The Appomatox River is a major tributary that

joins the James River downstream from Richmond

On the Chickahominy River another major tributary of the

James River below Richmond a low head dam was built

about 30 km upstream from the confluence in 1943 The

area below this structure Walkers Dam was once the

downstream limit of American shad spawning in the

Chickahominy River but now it is the only spawning area

At present there is no fishery for American shad in the

Chickahominy River3 The city of Newport Newssupportedthe construction of two Deniltype fishways at

Walkers Dam in 1988 River herrings were documented

using the fish passage facilities in spring 198915 No use of

the passage fish facilities by American shad has yet been

observed

The Embrey Dam at Fredericksburg blocks about 110 km
of the mainstem Rappahannock River to American shad

spawning runs and is the only obstruction to anadromous

fish migration on this river The dam located
just above

the fall line recently was licensed for hydropowergeneration17The license includes requirements for fish passage

Dams and impoundments also are viewed as factors that

have contributed and are probably still contributing to the

decline of American shad populations in North Carolina
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South Carolina Georgia and Florida124 Major restoration

efforts focused on reopening historical spawning sites

blocked by dams are also presently underway in Maine

New Hampshire Massachusetts and Rhode Island
112 A

major program has been underway since the mid1950s

on the Connecticut River The successes of theserestoration
programs have generally been encouraging but not

yet conclusive

Large tidal hydroelectric projects are being considered for

construction in two or more basins of the Bay of Fundy
Canada34 These proposed projects if implemented pose

a major threat to American shad populations fromChesapeakeBay and other east coast rivers Extensive tagging

studies carried out by Dadswell and his coworkers

revealed that American shad from all east coast stocks

migrate northward and use the basins in the Bay of Fundy

as feeding areas during the summer3435 Construction of

these large tidal projects would pose a threat to themigratingfish from turbine mortality since the fish would be

exposed to turbine
passage

with each tidal cycle Neither

of the proposed tidal projects currently is beingdevelopedbut if demands for electrical power increase

supplies of fossil fuels decrease or prices for fossil fuels

increase development of this new hydropowertechnologycould proceed rapidly122

Erosion
We could find no information which would directlyimplicateerosion as a factor which contributed to theBaywide

decline of American shad populations Severe

floods intensive agriculture urban development stream

channelization and roadway construction in thewatersheds
of Chesapeake Bay tributaries can accelerate the

erosion of surface soils during stormwater runoff and

increase levels of suspended solids and siltation rates in

water courses Periodic floods are normal occurrences in

American shad spawning and nursery areas that should

not affect stock abundance over the long run

However the turbid water and high flows associated with

the severe flooding caused by Tropical Storm Agnes in

June 1972 may have contributed to the failure of the 1972

year class in Virginia rivers285 In Maryland the Baywide

juvenile abundance index for American shad was about

average in 1972 but the 1973 and 1974 indices were very

low135 In 1972 the Potomac River index was relatively

high but the upper Bay index was very low1221 The

effects of tropical storm Agnes on American shadreproductionin Maryland appeared to vary among riversystemsbut apparently was less severe overall than inVirginiaRefer to the section on Suspended Solids for

sensitivities of American shad early life stages toerosionrelated
changes in habitat quality

Fishing Pressure

Overharvesting has been suggested as one of the major

factors involved in the dramatic decline in American shad

stocks along the Atlantic seaboard between the late 1800s

and the 1940s and also may be a current deterrent to their

recovery99148 The specific role of fishing pressure on

American shad stocks in Maryland and Virginia since the

1950s is unclear As stocks declined in Virginia so did

fishing effort because many fishermen switched to larger

mesh gear and pursued the equally scarce but more

valuable striped bass2 Information is spotty about trends

in fishing effort directed at the commercial or recreational

fisheries for American shad in Maryland prior to the

closure of the fishery in 198073 In 1975 344 people were

involved in the commercial harvest but by 1980 this

number decreased to 115

Landings of American shad in the ocean fishery termed
coastal intercept fisheries along the eastern seaboard of

the US increased more than fivefold between 1978 and

198852 All Atlantic coast states have intercept fisheries for

American shad either directed or bycatch that areconducted
primarilywith gill nets during late winter and early

spring These
intercept fisheries harvest adults of various

spawning river origins and capture fish that are en route

from overwintering to spawning areas Ocean harvest of

American shad is dominated by four states New Jersey

South Carolina Virginia and Florida In Maryland and

Virginia the ocean shad fisheries are directed rather than

bycatch usually begin in early February and continue

through early to late April

About 20 of the fishing effort in Maryland occurs within

about three miles of shore in Assawoman andChincoteagueBays and in National Marine Fisheries Service

NMFS Sectors 621 and 6225All fish are landed at Ocean

City Between 1978 and 1990 the reported annuallandingsof American shad in Marylands ocean fishery ranged

from only 15 kg in 1981 to 222 x 103 kg in 1989 personal

communication H Speir MDNR About 93 of theharvest
occurred during March and April

In Virginia the ocean fishery directed at American shad is

distributed along the entire coast with most of the catch

harvested by gill nets haul seines and bottom trawls

within three miles of shore52 Most of the fish are caught

in NMFS Sectors 625 631 and 621 and landed at several

ports Between 1978 and 1990 reported annual landings

of American shad in Virginias ocean fishery including

seaside bays ranged from 6 x 103 kg in 1978 to 293 x 103

kg in 1984

The recent Alosid Management Plan for Chesapeake Bay18

recommended that coastal tagging programs beimplemented
to determine which American shad stocks are

exploited in the ocean fishery Given the location of a

major overwintering area for Atlantic coast stocks off
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North Carolina and the distribution offishing effort north

of the entrance to Chesapeake Bay it is unlikely that

Marylands ocean fishery for American shad harvests any

Chesapeake Bay stocks Rather the fishery probablyinterceptsmostly Delaware and other more northern stocks

as the adults migrate from overwintering areas to their

spawning rivers The ocean fisheries in Virginia and North

Carolina almost certainly exploit American shad stocks

that spawn in Chesapeake Bay tributaries and morenorthern
rivers52

Early studies of American shad population dynamics

reported that the number of juveniles produced is directly

related to the number of adults that spawned 144147 More

recent studies found deficiencies in some of the earlier

work and concluded that year class strength may be

related to spawning stock abundance but
appears to be

most heavily influenced by environmental variables78

Studies of American shad in the Connecticut River2931

showed that stock size had almost no influence on the

number of recruits that returned to spawn Thedeterminingfactors that appeared to control year class in this

population were environmental and focused on theprejuvenile
stages

These findings for the Connecticut River where American

shad landings have remained relatively stable over the

past 20 years122 may not be completely relevant toChesapeakeBay where American shad stocks declined to very

low levels in the mid1970s Fisheries researchersacknowledgethat at relatively low spawner population

levels near the critical threshold total run size andfecundityshould play a greater role in determining the number

of young produced than when the stock is relatively

abundant What the critical stock size thresholds are for

American shad spawning stocks in Maryland and Virginia

is not known Therefore the decision to prohibitcommercialand recreational harvests of American shad inMaryland
waters of Chesapeake Bay in 1980 was wise given

the currently low stock abundance in all Maryland rivers

HICKORY SHAD

Contaminants
We could find no information on the effects ofcontaminantson any life stage of hickory shad

Nutrients
We could find no information which would implicate high

nutrient levels as a factor which directly contributed to the

decline of hickory shad populations in Chesapeake Bay
Rulifson et a1124 mentioned low DO sewage outfalls

poor water quality and nonpoint source pollutants as

nutrientrelated factors that were possibly important or

very important in contributing to the decline of certain

populations of hickory shad in North Carolina South

Carolina Georgia and Florida Nutrient reduction is a

major goal of the 1985 Chesapeake Bay Restoration and

Protection Plan33136

Parasites and Diseases
We could find no information which would implicate

parasites and diseases as factors which have contributed

to the decline of hickory shad populations in Chesapeake

Bay Hickory shad can be afflicted with several parasites

including nematodes Ascaris spp larval cestodes

Scolex polymorphus and trematodes82 Digenetic

trematodes were identified in the stomachs of adulthickoryshad collected in the St Johns River Florida154

Impediments to Spawning Migrations
Manmade dams impoundments stream flow gauging

weirs roadway culverts bridge aprons and otherimpediments
to upstream spawning migrations such aswaterfallsbeaver dams and logdebris piles have beenimplicated
in Chesapeake Bay as factors which may be

contributing to the delay in recovery of hickory shad

populations Other factors must have been involved in the

drastic declines which occurred Baywide in the 1970s

because most major blockages were in place before the

major stock declines began and some river systems do not

have dams or other impediments to spawning migrations

yet these stocks have also declined

Maryland DNR and the Chesapeake Bay Program are

concerned that stream blockage is a factor which may be

contributing to the delayed recovery of hickory shad and

other alosid stocks17 In Virginia and several southeastern

states the construction of impoundments on coastal rivers

also has resulted in a loss of spawning habitat and is

viewed as a factor which likely contributed to the decline

of hickory shad populations3124

Erosion
We could find no clear linkage between erosion and the

Baywide declines in hickory shad stocks Periodic floods

are normal occurrences in hickory shad spawning and

nursery areas that should not adversely affect stockabundance
over the long run However the turbid water and

high flows associated with the severe flooding caused by

tropical storm Agnes in June 1972 probably contributed

to the decimation of the 1972 year class of hickory shad

in Maryland26 and in Virginia2 significantly alteredimportantspawning areas mayhave contributed to reduced

reproductive success for several years and added another

environmental stressoron an already stressed population

Between June 21 and 23 1972 the entire Bay watershed

was subjected to measured rainfall in excess of 127 mm
with about a third of the region receiving more than 305

mm Isolated locations recorded 457 mmduring thethreedayperiod19 Most rivers crested at levels higher than

previously recorded Hickory shad larvae and juveniles

may have been destroyed through physical damage from
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high concentrations of suspended solids by displacement

downstream to areas of low food availability and from

osmotic stresses Erosion stimulated by normal andintenserainfall events flashy stormwater runoff episodes

and subsequent siltation in spawning areas exacerbated

by careless land use practices represents a habitat quality

problem that is likely to be detrimental to hickory shad

reproduction in many Bay tributaries

Fishing Pressure
We could find no information which would implicate

fishing pressure in Chesapeake Bay and its tributaries as

a factor which contributed to the decline of hickory shad

populations Estimates of fishing mortality rates forhickoryshad in the Bay do not exist73 Information on effort

trends in the commercial or recreational fisheries prior to

the 1980 Maryland closure is limited Numbers of water

men who reported that they caught at least one pound of

hickory shad declined from 150 in 1975 to 47 in 198073

The recreational fishery for hickory shad in Maryland was

concentrated in two tributaries of the lower Susquehanna

River Octoraro and Deer Creeks We could find noinformationon the number of anglers that fished for hickory

shad in these streams

Some investigators have suggested that the offshoreforeignfishery had a detrimental effect on all east coast alosid

populations including hickory shad in the late 1960s and

early 1970s5657 Unfortunately there are no data tosupportthe view that this offshore fishery caught substantial

numbers of hickory shad The offshore foreign fishing

fleets primarily from the USSR East Germany Bulgaria

and Poland began operating off the Delaware Virginia

and North Carolina coasts in 1967 This fishery harvested

immature river herrings and other alosids that eventually

would have matured and spawned in rivers of themidAtlantic
states Since 1977 alosid catches by offshore foreign

fishing fleets have decreased to relatively low levels as a

result of agreements between the US and foreign

countries and enactment of the 200mile FisheryConservationZone2

SUMMARY AND RECOMMENDATIONS

AMERICAN SHAD
The American shad is the largest anadromous clupeid in

the United States Native to the Atlantic seaboard of North

America they are distributed fromsoutheastern Labrador

to the St Johns River Florida Along the east coast of the

US American shad are most abundant from Connecticut

to North Carolina In the midAtlantic region American

shad historically spawned in New Jersey Delaware and

virtually all major tributaries to the Chesapeake Bay

American shad live at sea and only enter fresh water in

midFebruary to early March to spawn Peak eggdeposition
in the upstream reaches of Chesapeake Bay rivers

occurs during April The juveniles move graduallydownstream
during the summer Their seaward migrationsacceleratefrom late October through late November when

water temperatures fall below 15°C The subadults and

adults participate in extensive oceanic migrations fromthe

Chesapeake Bay to summer feeding grounds as far north

as the Bay of Fundy Canada Males and females reach

sexual maturity at 4 and 5 years of age and then return to

their natal rivers to spawn Repeat spawning ranges from

about 2037 in Chesapeake Bay populations

Historically American shad represented a major fishery

resource all along the Atlantic seaboard But between

1897 and 1940 annual harvests declined dramatically due

to pollution and siltation of spawning riversoverharvestingand construction of dams which prevented access to

spawning sites Commercial landings of American shad in

the Chesapeake Bay reached record lows in the late

1970s In 1980 the commercial and recreational fisheries

were closed in Maryland waters of Chesapeake Bay
American shad population levels in Virginia have been

relatively low but stable since the late 1970s therefore

fishing is still allowed

Uncertainty surrounds any attempts to define the major

factors responsible for the decline in American shad

stocks throughout Chesapeake Bay Gradual loss of

spawning habitat quantity and quality and overharvesting

during the 1800s and through the first half of the 1900s

are the major explanations offered for the largepopulation
declines during this period Fishing pressure has

eased substantially since the mid1950s But until the

1980s efforts to restore lost spawning habitat were

limited and generally unsuccessful Both Maryland and

Virginia currently are engaged in restoration effortsdesignedto supplement natural reproduction withhatcheryreared
young Susquehanna River and provide fishpassagefacilities at existing dams in several rivers to reopen

lost spawning habitats Current restoration programs

focused on fish passage and designed to increase habitat

quantity are encouraging but their longtermachievementswill take many years to be seen These restoration

efforts should continue and include sufficient intensive

monitoring studies to evaluate their effects

Other factors which also may be contributing to thedepressedcondition of the Bay stocks are receiving little

attention Concerns about the quality of American shad

spawning and nursery habitats are clearly justified but

few studies are being directed at this topic Acidicdepositionand discharge of chlorinated sewage effluents are two

of potentially many pollutant sources that may be slowing

the recovery of depressed American shad stocks inChesapeakeBay Research should be directed at these issues

Temptations to reopen the fishery for American shad in

the Maryland portion of the Bay should be resisted until

918



AMERICAN SHAD AND HICKORY SHAD

adequate stock recovery is documented I
f stocks do not

show clear signs of recovery or decline further in Virginia

management options that include a moratorium on fishing

should be considered Harvests of adults in the coastal

intercept fishery should be closely monitored and

evaluated

This survey of the literature on American shad suggests

that the critical life history stages are the egg prolarva

yolksac or prefeeding larva postlarva feeding larva

and early juvenile through the first month aftertransformationThe critical life history period is April through

July A matrix of habitat requirements for the critical life

stages is presented in Table 1

HICKORY SHAD
The hickory shad is a mediumsizedanadromous clupeid

that occurred historically along the east coast of North

America from the Bay of Fundy Canada to the Tomoka

River Florida This alosid species is now most abundant

fromNew York southward but hickory shad probably do

not spawn north ofMaryland In Chesapeake Bay hickory

shad are near the northern limits of their spawning range

and probably never have been abundant although they

were harvested throughout the Bay prior to the 1970s

The hickory shad is somewhat of a mystery to both

fishermen and ichthyologists because so little is known

about its basic life history In Chesapeake Bay hickory

shad spawning runs typically began during March and

April with spawning activity occurring between late April

and early June Specific spawning sites are not welldocumentedbut they appear to be concentrated in mainstem

reaches of rivers upstream from the major spawning sites

for American shad Juvenile hickory shad appear to

migrate directly to saline areas during the summer and

may not use oligohaline portions of Bay estuarines as

nursery areas

Bay declined dramatically during the early to mid1970s
Loss of spawning habitat quantity and quality heavy

exploitation in the offshore foreign fishing between 1967

and 1977 and decimation of the 1972 year class and

alteration of many spawning areas by tropical storm

Agnes are major factors that probably were involved in

the population declines or are acting to slow any stock

recovery Commercial and recreational fishing for hickory

shad was closed effective January 1981 in Maryland

waters but not in Virginia Given the currently low stock

abundance levels a Baywide moratorium on fishing for

hickory shad should be implemented and continued until

the stocks show clear signs of recovery

Hickory shad populations in Maryland are at such low

levels of abundance that natural stock recovery may be

very slow in coming if it can occur at all Carefully

designed restocking efforts may be needed if adulthickoryshad can be transported from areas where they are

relatively abundant or the eggs and larvae can be reared

in fish hatcheries In Virginia the prognosis for stock

recovery is somewhat more optimistic Current programs
and plans for fish passage facilities in both states should

increase the quantity of spawning habitat available to

remnant hickory shad populations However until we

understand more about hickory shad life history and

population dynamics it will be difficult to determine what

specific resource management actions in addition to the

current closure of the fisheries in Maryland should be

taken to rebuild Baywide stocks

The critical life history stages of hickory shad are the egg
prolarva postlarva and early juvenile The critical life

history period is March through July Availableinformation
was not adequate to construct a matrix of life history

requirement for any life history stage
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Table 1 Summary o
f

habitat requirements for American Shad

Life Temperature Salinity

Dissolved

pH Oxygen

Suspended

Solids

Stage °C ppt mgL MMgO

Egg 130260 015 > 60 > 50 < 1000

Larvae 155261 NA > 67 > 50 < 100

Juvenile 156239 030 NA > 50 < 100

Adult 1030 030 NA > 50 < 100
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ALEWIFE AND BLUEBACK HERRING
Alosa pseudoharengus and Alosa aestivalis

Ronald J Klaudal Steven A Fischer

Lenwood W Hall Jr and John A Sullivan

University of Maryland

Agricultural Experiment Station

Wye Research and Education Center

Queenstown Maryland

lewife and blueback herring are relatively smallA anadromous fish of the family Clupeidae Spawning
habitats of these river herring include freshwater

nontidal areas of smaller tributaries of Chesapeake Bay
River herring juveniles leave their nursery areas in fall

mature in the Atlantic Ocean and return after two to five

years to Bay tributaries for spring spawning

River herring supported relatively important commercial fisheries in Chesapeake Bay until the early 1970s
when stocks began to decline dramatically Current landings are the lowest on record Probable causes of

stock declines include loss of spawning and nursery habitat quantity and quality overexploitation of

primarily immature individuals in the offshore foreign fishery between 1967 and 1977 and decimation of

the 1972 year classes and alteration of spawning habitats by tropical storm Agnes

The critical life history stages of alewife AW and blueback herring BH are the eggs larvae and early

juveniles Water temperatures > 11°C AW and > 14°C BH pH > 50 AW and > 57 BH and dissolved

oxygen DO > 50 mgL are important habitat requirements for eggs Larvae require water temperatures at

least 8°C AW and 14°C BH pH > 55 AW and > 62 BH DO > 50 mg and suspended solids < 500 mg
Major habitat concerns for river herring are stream acidification stream blockages and land use changes
that alter stormwater runoff patterns accelerate erosion and increase sedimentation

Chesapeake Bay stocks of river herring have continued to decline Degradation of spawning and nursery
habitats from acidic deposition and land use changes and continuing albeit reduced foreign jointventure

and local fishing pressure mayconstitute significant increments of mortality on immature and adult river

herring that the populations currently are illequipped to bear Mitigation of stream acidification removal
of spawning stream blockages implementation of effective stormwater management practices and Baywide
harvest restrictions are positive steps that should be taken to encourage recovery of these depressed

populations

INTRODUCTION greenish coloration of the alewife with its deeper vertical

distribution 56110 mrelative to blueback herring 2755
The alewife is an anadromous clupeid that is smaller than m in coastal waters

the American shad and the hickory shad but about the

same size as the blueback herring Maximum length is Adult alewife can be distinguished externally from adult

about 380 mm67 Alewife are grayishgreen above and blueback herring by their strongly compressed deep and

silvery on the sides and belly151 Nevesln associated the less elongated body terminal mouth with the lower jaw

1Present address Maryland Department of Natural Resources Annapolis Maryland
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projecting slightly and large eyes
with the diameter

greater than the snout length Alewife have a pale to

dustycolored peritoneum Chambers et al16 described a

technique for distinguishing larval alewife from larval

blueback herring in the 516 mm standard length SL
range The technique relies primarilyon differences in the

number of myomeres body segments between theinsertion
of the dorsal fin and the posterior margin of the vent

The blueback herring is an anadromous clupeid that is

about the same size as the alewife Maximum length is

about 380 mm61 Blueback herring are bluish above with

silvery sides Adult blueback herring can be distinguished

externally fromadult alewife by their less compressed and

more elongate body and by their smaller eyes with the

diameter equal to or less than the snout length Blueback

herring have a sooty to black peritoneum Bluebackherringand alewife juveniles also can be separated by scale

morphology with some magnification personalcommunicationJ Loesch Virgina Institute of Marine Science

DISTRIBUTION

Alewife are distributed from at least Paquet innortheasternNewfoundland to South Carolina 67151
Reports of

alewife in Florida waters are questionable145 Alewife are

abundant in the midAtlantic and northeastern states

Alewife are the dominant > 90 river herring species

throughout New England but not in the Connecticut

River in the St John River estuary of New Brunswick and

in coastal ponds and streams of Atlantic Nova Scotia87 In

the midAtlantic region alewife occur in virtually all

tributaries to Chesapeake Bay in Delaware and in New

Jersey
67

Alewife have become landlocked in many parts

of eastern North America Landlocked populations occur

in the Great Lakes several of the Finger Lakes in New

York and other freshwater lakes 67J42

Blueback herring are distributed from Cape Breton Nova

Scotia150 to northern Florida50184 Blueback herring are the

dominant river herring species in the Gulf of St Lawrence

region where there are few lakes87 Blueback herring are

most numerous in warmer waters from Chesapeake Bay

south96151 In the midAtlantic region blueback herring

occur in Chesapeake Bay in virtually all tributaries to

Chesapeake Bay in the Delaware River and in adjacent

offshore waters 61 Landlocked populations of blueback

herring occur in some areas of the southeastern US eg
Clayton Lake Virginia

LIFE HISTORY

ALES
Spawning Activity
Schools of adult alewife restrict their oceanic movements

to coastal areas near natal estuaries and rarely arecollected
more than about 130 km from shore61 The onset

of spring spawning is related to temperature and thus

varies with latitude At the extreme southern end of their

range North Carolina alewife begin spawning in late

February but they may not commence spawning until late

April or early June at the northern end of their range87

Males tend to precede the females onto the spawning

areas138

Alewife may return to natal streams for spawning This

conclusion is supported by morphometric and meristic

segmental differences among fish from differentsystems107establishment or reestablishment of spawning

runs by stocking gravid adults47 olfaction experiments
170

invasions into new systems eg Great Lakes and rapid

abundance increases within systems where fish passage

facilities were constructed eg above the Holyoke Dam

on the Connecticut River

In Chesapeake Bay the onset of alewife spawningmigrations

is typically from early to midMarch through April

when water temperatures range from 1018°C 6787114

Temperatures below 8°C and above 18°C 24 h average

result in little adult movement into spawning streams137

Egg deposition commonly occurs at water temperatures

between 1022°C but ceases above 2728°C67 In the

Patuxent River Maryland alewife spawning wasobserved
at temperatures from 1119°C114

Upstream movements onto the spawning grounds are

influenced by light intensity most movement duringdaylighthours water flow more movement during higher

flows and temperature24137 Alewife adults generally do

not jump over obstructions on the spawning run but they

easily can negotiate riffles and fishways151 with littleapparentphysiological stress32 Cooper25 observed that

adult alewife lost body weight on average 50 g for

females and 36 g for males during the spawningmigration
to Pausacaco Pond Connecticut He attributed these

weight losses to the physiological demands of thespawning
migration absence of feeding for an extended time

the warm environment of the pond and spawningactivity
Several groups or waves of adult alewife arrive at the

spawning sites deposit their eggs during a period of two

to three days and then move quickly downstream257273

Spawning activity occurs day and night but is apparently

greater at night43 Several investigators have observed that

the larger and older alewife spawn first the smaller and

younger fish spawn progressively later25738384

Alewife tend to favor slowmoving sections of streams or

coastal ponds and lakes for spawning sites87 However

they are reported to spawn in a variety of habitats with

substrates ranging fromcoarse gravel to organic
detritus67

Spawning alewife and blueback herring are isolatedspa102
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tially to a largedegree within their sympatric range87 but

some overlap can occur6

During the spawning act single female alewife swim close

to shore accompanied by many males5 Groups of

spawning fish swim in circular patterns just below the

surface Eggs and sperm are extruded simultaneously and

broadcast at random into the water column and over the

substrate Spent adults migrate rapidly downstream after

spawning

Egg and Larval Development
The fertilized eggs are semidemersal to pelagic slightly

adhesive until they become waterhardened and average

about 1112 mmin diameter2567 Alewife eggs areslightly
larger than blueback herring eggs but do not contain

oil globules175 Incubation periods for alewife eggs are 21

days at about 29°C 37 days at about 21°C39 345 days at

100122°C20 6 days at 156°C48 and 15 days at about

7°C39

The relationship between temperature and incubation

time can be described by this equation38

t = 6335 x 106 T 31222

Juveniles
Juvenile alewife tend to remain in the tidal freshwater

nursery areas in spring and early summer but they also

may move upstream in summer with the encroachment of

saline water176 As water temperatures decline in the fall

the juveniles move downstream during the first phase of

their seaward migration87 These seaward movements

apparently are stimulated by abrupt water temperature

declines increases in flow and precipitation but not size

or age2573138139 Juvenile alewife tend to emigrate from

the freshwater nursery areas to more brackish areas about

a month earlier than juvenile blueback herring
7386146

Some juvenile alewife remain in deep estuarine waters

through the winter51

During their fall seaward emigration through the nursery

areas juvenile alewife tend to concentrate near thebottom
during the day and migrate upward toward thesurface
at night87 However a partial spatial segregation of

juvenile alewife and juvenile blueback herring wasobserved

in bottom trawl and surface trawl catches92

Juvenile alewife tended to be deeper in the water column

than juvenile blueback herring especially at nightVertical
separation of these two alosid species could reduce

interspecific competition for food87

where t = time in days and T =
temperature in OF Average

time to median egg hatch ranges from 74 days at 127°C

to 3 days at 238268°C71 The optimum temperature
for

alewife
eggs is 1721°C No eggs hatched at 297°C

Alewife eggs can tolerate water temperatures between

about 730°C but a high proportion 69 of deformed

larvae were produced from eggs incubated below about

11 °C3871

Yolksac larvae range from about 25 mm total length TL
at hatching and begin exogenous feeding at three to five

days posthatch2267 Within about ten days the larvae are

6 mm long81 Survival of unfed alewife larvae increased

from 38 days at about 11°C to 76 days at about 15°C and

then decreased to 24 days at 1718°C38 Even though

alewife eggs hatch and the larvae live for a time attemperaturesas low as 7°C development of a functional jaw

does not occur at temperatures below 10°C38

The yolksac larvae are positively phototropic97 andexhibitalternate active vertical movements toward thesurfaceand passive
vertical descents22 The larvae form

schools within two weeks after hatching25 At sevenconstant
temperatures between 129 and 291°C average

daily rates of larval weight gain during the first 12 days

posthatch increased directly with temperature to amaximumof 838 gg d1 dry weight at the highest rearing

temperature 291°C The maximum net biomass

developed at 264°C Feeding alewife larvae transform

gradually to the juvenile stage at about 20 mm TL and

usually are fully scaled at 45 mm TL 121

Young alewife apparently grow faster than youngblueback
herring at least in Chesapeake Bay51 A portion of

this difference likely is due to the earlier spawning period

for alewife and the longer growing season40 Growth rates

ranging from 420 mg d1 were documented for juvenile

alewife in the James River Virginia177 Growth of young

alewife between hatching and fall emigration from the

nursery areas averaged 102 mm TL in the lowerChesapeake
Bay69 and 113 mm TL in the Connecticut River98 In

the Neuse River North Carolina juvenile alewifeincreasedin length from 35 mm in June to 75 mm in

August
8

Richkus and DiNardo140 reported daily growth

rates for juvenile alewife of 0625 mm New Jersey and

08200996 mm Massachusetts

Data on mortality rates of juvenile alewife are meager
Richkus37 reported a 75 mortality rate for juveniles over

a six week period prior to their emigration from a pond

in Rhode Island

Subadults and Adults
Little information is available on the life history of subadult

and adult alewife after they emigrate to the sea asyoungofyearor yearlings and before they mature and return to

fresh water to spawn Like other anadromous clupeids

alewife may exhibit seasonal movements in conjunction

with preferred isotherms but direct evidence is lacking40

Juvenile alewife 70100 mm fork length FL were most

numerous between December and April 19721975 in

ocean waters out to at least 8 km from the southern New

Jersey coast108 Juveniles were collected during the
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daytime in bottom trawls operating at 24192 m depths

where bottom salinities and temperatures ranged from

230320 ppt and 20100°C This area appears to be an

important overwintering ground for juvenile alewife

originating from the Hudson and Delaware rivers and

numerous smaller spawning streams along the NewJersey

coast Another overwintering area for young alewife is

located off the North Carolina coast54 In 1978 most young

alewife were collected during February at depths ranging

from 1936 m from 18 km NNE of the Cape Hatteras

Lighthouse to the mouth of Chesapeake Bay64

Sixteen years of trawl survey data collected along the

Atlantic coast between Cape Hatteras North Carolina and

Nova Scotia Canada were summarized by Neves

1981 117
Alewife ranging in size from 60350 mm FL were

taken in greatest numbers at depths between 56110 m
and outnumbered blueback herring by about 101 During

summer and fall catches of alewife were confined to the

sampling area north of 40° north latitude spring catches

were distributed over the entire Continental Shelf in the

study region

Alewife spawning stocks contain primarily ages IIIVIII

individuals with the modal group generally ages IV or V87

Males tend to dominate age groups IIIV females live

longer and dominate the older age groups From asynthesisof available data it was reported that 82100 of

male alewife and 6095 of female alewife mature by age

IV133134In North Carolina stocks some males can mature

and spawn at age I1140

Recent surveys by the Maryland Department of Natural

Resources MDNR in Maryland rivers indicate thatalewifespawning runs are dominated by ages IVVI

fish 5581123178179
Ages IV and V fish are mostly males ages

V VI and VII fish are predominantly females Recent

surveys by the Virginia Institute of Marine Science VIMS
in Virginia rivers indicate that the modal groups for alewife

spawning runs in the Rappahannock and York Rivers are

ages IVV and VVI respectively893 Female length at age

is consistently greater than male length at age in Maryland

rivers5581 and in other coastal stocks140 Age IV males

collected during spring 1989 in the Nanticoke River

Maryland averaged 236 mm FL and 188 g wet weight55

Age IV females averaged 244 mm FL and 223 g Alewife

from northern stocks tend to be larger at age than alewife

from southern stocks

The percentage of repeat spawners and longevity in

alewife populations seems to decrease from north to

south
40

howeverRichkus and DiNardo140
disagreed with

this observation Krauthamer and Richkus81 stated the

broad generalization that
repeat spawners typicallycomprise3040 of alewife spawning runs The percentage of

repeat spawners was 60 in Nova Scotia128 3072 in

Maryland55178 61 in the York River Virginia69 and

< 10 in North Carolina172 The substantial percentage of

repeat spawning in alewife populations from theChesapeakeBay is relevant to management strategies81 Heavy

exploitation of spawning runs can preclude the potential

for repeat spawning I
f repeat spawning is needed for Bay

stocks of alewife to persist in the face of fishing pressure

and habitat deterioration loss of
repeat spawning

capacity could be a serious threat to stock viability No

alewife older than age IX have been captured in North

Carolina63167 but
age X alewife were recorded in New

Brunswick62 and Nova Scotia128

Fecundity of alewife is related to age stock origin and size

and is highly variable Estimates of fecundity foranadromous
alewife populations range from about100000467000eggs per female134 Female alewife collected in

the Potomac River during the early 1900s contained an

average of 102800 eggs155 Alewife fecundity in the

Patuxent River ranged from 168000170829 eggs per

female in the 1980s115 Although different methods of

estimating fecundity can introduce unknown biases into

the data and make direct comparisons across studies

difficult the alewife clearly is a high fecundityspecies87140Maximal alewife fecundity occurs between ages

VVII and then declines for older females 57102

Sex ratios malefemale in alewife populationsthroughout
a single spawning season or over several

years
tend

toward 11 or sometimes favor males87 Sex ratios for

alewife in the Patuxent River 1981 and in Fishing Bay

1982 Maryland were 1011 and 150181 ODell and

Mowrer23 reported a male female sex ratio of 1129 in

the Upper Bay area a statistically significant departure

from a 11 ratio Sex ratio estimates can be influenced by

several factors87 For examplemales tend to dominate the

early portion of the spawning season but the proportion

of females typically increases toward the end2573 Female

alewife in the
process

of spawning generally attract

several males134 and as many as 25 male alewife may

attempt to spawn with a single female4

BLUEBACK HERRING

Spawning Activity
Schools of adult blueback herring inhabit a narrow band

of coastal waters and move to predominantly fresh or

slightly brackish areas in the spring to spawn67 The onset

of spawning is related to temperature and thus varies with

latitude87 At the extreme southern end of their range

Florida spawning can begin in December or January

but may not commence until June near the northern end

of their range New Brunswick and can continue through

August99 Males usually arrive at the mouths of spawning

rivers earlier than females but the proportion of females

increases as the spawning season progresses87

In Chesapeake Bay the primary spawning runs ofblueback
herring begin in early April in lower Bay tributaries
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and in late April in the upper Bay about three to four

weeks after the peak alewife runs51 Blueback herring

may return to natal rivers for spawning Howeverspawningstocks also can stray to adjacent streams107 The

spawning period extends from about midApril through

late May in Chesapeake Bay tributaries when water

temperatures typically range from 1425°C67 Mowrer114

observed blueback herring spawning activity in the

Patuxent River Maryland at temperatures of 1522°C

Optimal spawning temperatures are between 2125°C

Blueback herring spawn in freshwater and slightlybrackish
habitats sometimes near tidewater in small tributaries

and often migrate far upstream to spawn67 Upstream

distribution of gravid adults is a function of habitatsuitabilityand hydrologic conditions permitting access to

these sites95 In coastal New England rivers where

blueback herring are sympatric with alewife adultblueback
herring prefer to spawn where flows are relatively

swift and over gravel and clean sand substrates they seem

to avoid lentic areas8687 In southeastern US waters

where alewife are few blueback herring exhibit more

variety in their selection of spawning grounds and deposit

eggs over shallow areas covered with vegetation in

ricefields in swampy areas and in small tributaries

upstream from the tidal zone2187104145

LoeschS7 suggested that the preference of bluebackherringfor lotic spawning sites in the north and lotic and

lentic sites in the south is a clinal spawning pattern that

may reduce competition with alewife for spawning

grounds when the two alosid species are sympatricUnfortunatelythe spawning behavior of blueback herring

and alewife near the middle portion of their ranges eg
Chesapeake Bay has not been studied to confirm

Loeschs clinal hypothesis

Yolksac larvae are 35 mmTL at hatching67 They average

about 5 mm TL when they absorb the yolk and begin to

feed exogenously at three to four days posthatch

Blueback herring and alewife cannot easily bedistinguishedfrom each other as eggs or as larvae through

about 15 mm long A technique for distinguishing larval

blueback herring from larval alewife in the 516 mm SL

range was described by Chambers et al
16 The technique

is timeconsuming and relies primarily on differences in

the number of myomeres between the insertion of the

dorsal fin and the posterior margin of the vent At body

lengths greater than about 15 mm the two river herring

species generally can be separated on the basis of

peritoneum color and eye size99 or scale morphology

Larval transformation to the juvenile stage is usuallycompletedat about 20 mm TL When the juveniles reach about

30 mm they are morphologically similarto the adults115

Juveniles
Juvenile blueback herring may move upstream in the

nursery areas during summer periods of decreased flows

and encroachment of saline water 176 However as water

temperatures decline in the fall the juveniles move

downstream to more saline waters and begin the first

phase of their seaward migration87 Juvenile blueback

herring tend to remain in the natal rivers about a month

longer than juvenile alewife before returning to the

sea7286146

During a three year study of fall downstream migrations

in the Connecticut River juvenile blueback herring began

to emigrate in September as water temperatures declined

to 21°C127 Seaward migration peaked at 1415°C and

ended in late October or early November at 10°C The

juveniles actively moved throughout a 24 h period with

peak activity at 1800 hours Some juvenile bluebackherringoverwinter in deep estuarine waters51

Groups of adult blueback herring engaged in spawning

behavior are usually composed of a single femaleencircled
by several males swirling together as the eggs and

sperm are broadcast simultaneously over the substrate

where the fertilized eggs adhere to rocks gravel and

debris95 Total spawning time for a single migratory group

or wave of spawners is typically five days or less95

Spawning migrations are influenced by several physical

and chemical factors with temperature playing a major

role24
Spent adults migrate rapidly downstream after

spawning

Egg and Larval Development
The fertilized eggs are essentially pelagic demersal in still

water somewhat adhesive until water hardened average

about 09 to 11 mm in diameter
6799 and are slightly

smaller than alewife eggs175 Incubation times forblueback
herring eggs range from9480 h at 2021°C and from

5855 h at 222237°C221091165

During their fall seaward emigration through the nursery

areas juvenile blueback herring tend to concentrate near

the surface at night and near the bottom during daytime92

This general vertical diel migratory pattern also wasexhibited
by juvenile alewife however a partial spatial

separation of juvenile alewife and juvenile bluebackherringalso was observed Juvenile blueback herring were

oriented more strongly to the surface at night than were

juvenile alewife These observed diel differences inverticaldistribution of the juveniles may serve as a mechanism

that could reduce interspecific competition for foodbetween
these two alosids87

Young blueback herring apparently grow slower than

young alewife at least in Chesapeake Bay51 A portion of

this difference is likely due to the later spawning period

of blueback herring and the shorter growing season4o

Krauthamer and Richkus81 summarized juvenile blueback

herring growth rates that ranged from0208 mm

d1Geor105
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gia to 0209 mm d1 Virginia to 0657 mm d1Connecticut
In the Cape Fear River North Carolina juvenile

blueback herring averaged 493 mm FL inJuly and 574 FL

in November 196430 We could not locate any mortality

rate estimates for juvenile blueback herring

Subadults and Adults
Little information is available on the life history of subadult

and adult blueback herring after they emigrate to the sea

as youngofyear or yearlings and before they mature and

return to freshwater to spawn Like other anadromous

clupeids blueback herring may exhibit seasonalmovements
in conjunction with preferred isotherms but direct

evidence is lacking40 New Jersey inshore waters out to at

least 8 km from shore appear to provide an important

overwintering area for young blueback herring less than

about 120 mm FL that originate from spawning rivers in

this region108 Neves117 summarized 16 years of trawl

survey data collected along the Atlantic coast between

Cape Hatteras North Carolina and Nova Scotia Alewife

outnumbered blueback herring about 101 in all samples

combined Most blueback herring were 60350 mmFL and

were taken in greatest numbers at depths between 2755

m During summer and fall blueback herring apparently

were confined to areas north of 40° and 43° north latitude

spring catches were distributed over the entireContinental
Shelf in the study region

Blueback herring reach sexual maturity at ages IIIVI but

the composition of virgin female spawners is dominated

by age
IV fishs7140145 In 1982 the modal

ages
of blueback

herring in Fishing Bay Maryland were IV for males and

V for females81 In the Patuxent River Maryland 1981
male and female blueback herring were most numerous

at age V

Female length at age is consistently greater than male

length at age in Chesapeake Bay populations of blueback

herring and in other coastal stocks140 Age IV malescollected
during spring 1989 in the Nanticoke River

Maryland averaged 227 mm FL and 153 g age IV females

averaged 236 mm FL and 176 g55 Differences in age at

maturity among river systems are evident but no distinct

lateral gradient appears in the available data40

In general repeat spawners comprise 3040 of blueback

herring spawning runs140 but there are reports of 65
repeat spawners in the York River Virginia69 and 75
repeat spawners in Nova Scotian waters128 Analysis of the

spawning history of blueback herring from the lower

Susquehanna River Maryland between the Conowingo

Dam and Harve de Grace showed that repeat spawning

was 30131 In the Fishing Bay area of Maryland about

45 of the blueback herring had spawned once 21 had

spawned twice 7 three times and 1 four times81

Fecundity of blueback herring is related to age and size

but is highly variable Fecundity estimates for anadromous

stocks range
from about 33000400000 eggs perfemale133Mowrer115 estimated the fecundity of blueback

herring from the Patuxent River Maryland at121342228922
eggs per female The agefecundity relationship

maybe asymptotic for blueback herring Maximumfecundityoccurs at about age VI and fecundal senilityappearsto develop in chronologically or physiologically

older fish8795

Sex ratios malefemale in blueback herring populations

integrated over a season or combined across several years

either tend toward 11 or sometimes favors males87 Sex

ratios for blueback herring adults in the Patuxent River

Fishing Bay and the upper Bay areas of Maryland were

1081 1541 and 21 respectively
81 Male domination of

the sex ratio is related to the greater proportion of males

that mature at ages III and IV Sex ratio estimates in

blueback herring populations can also be influenced by

spatiotemporal differences in behavior for males and

females Males are typically more numerous early in the

spawning season but the proportion of females increases

toward the end2595 Males also tend to remain longer on

the spawning grounds and some may return insucceedingspawner waves86 Females attract several males during

spawning behavior

ECOLOGICAL ROLE

ALEWIFE

Food Habits
Alewife larvae are planktivores at about 6 mm long when

they begin to feed on relatively small cladocerans mainly

Cyclops and Limnocalanus and copepods adding larger

species to their diet as they grow
119120 The larvae appear

to be highly selective feeders120 Juvenile alewife in

Hamilton Reservoir Rhode Island consumed primarily

dipteran midges in July but switched to cladocerans in

August and September173 In the Cape Fear River North

Carolina alewife juveniles consumed more ostracods

insect eggs and insect parts than did juvenile blueback

herring30

Food habits of adult alewife are poorly documented

Stomachs from adults collected at sea contained mostly

calanoid copepods mysids and other zooplankton117

Stomachs of alewife collected from the offshore waters of

North Carolina contained unidentified fish remains and

various zooplankton such as amphipods copepodsisopodsmysids sagitta and decapod larvae54 Adult alewife

prefer larger food organisms such as amphipods and

mysids than adult blueback herring162 Adult alewife do

not feed extensively or often not at all during theirupstream
spawning migrations523 After spawning adult

alewife feed on cases of the caddisfly Brachycentrus in

freshwater areas before emigrating seaward23
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Competition and Predation
Alewife juveniles often coexist with blueback herring and

American shad juveniles in the nursery areas duringsummerand fall Hence opportunity for interspecificcompetitionis present

Differences in juvenile dies activity patterns among the

anadromous alosid species is one potential mechanism

for reducing interspecific competition8792°146 Juvenile

alewife and blueback herring may coexist in theConnecticut
River by consuming different prey or selectingdifferent

sizes of prey27 Because alewife spawn earlier than

blueback herring juvenile alewife gain a size advantage

that may reduce interspecific competition as they became

more omnivorous with increasing size
61

Juvenile alewife

in the Minas Basin Nova Scotia favored larger and more

benthic prey items than did juvenile bluebackherring162163These observed differences in prey selection

suggest that juvenile alewife employ a particlefeeding

strategy while blueback herring are predominantlyfilterfeeders
Feeding chronologies for juvenile alewife and blueback

herring also appear to differ and may serve to further

reduce potential interspecific competition Weaver777observeddiurnal feeding by juvenile alewife with bimodal

activity a major peak occurred about one to three hours

before sunset and a minorpeak occurred about two hours

after sunrise In another study juvenile blueback herring

began to feed actively at dawn increased their feeding

activity through the day to a maximum at dusk Feeding

declined from dusk to dawn13

Concerns about introducing alewife into closedfreshwater
systems particularly when predator stocks are low

include uncontrolled population growth competition

with other fish species for food and space selectivefeedingon zooplankton piscivory and growth of the alewife

beyond an acceptable prey size for predators87 Few of

these potential problems have been observed after the

establishment of anadromous alewife runs Rather the

presence
of anadromous alewife can contribute positively

to freshwater ecosystems87 Anadromous alewife were a

nutrient source to a pond in Rhode Island rather than just

a mechanism for nutrient regeneration Alewife mortality

could reduce sedimentation rates in lakes by providing

the nitrogen and phosphorous needed to stimulatemicrobialbreakdown of leaf litter35

In landlocked systems where young and adults canemigrateto the sea alewife populations can influence the

species numbers and size composition of zooplankton

communities Hutchinson58 demonstrated that alewife

predation was responsible for a change in thezooplankton
community of Black Pond a 10 ha glacial lake in the

Adirondack Mountains Alewife were first stocked in this

small lake as forage for landlocked Atlantic salmon He
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observed that large zooplankton species were replaced

over a period of eight years by mostly small forms and

some large species such as Cyclops vernalis and

Holopedium gibberum He concluded that the alewife

population eliminated through selective predation most

large zooplankton species from Black Pond He also

suggested that the reduced growth of Atlantic salmon in

Black Pond during the study period may have been the

result of competition with alewife for zooplankton

Studies in the Great Lakes indicate that alewife also can

compete with other fish species for zooplankton

preyl56157183 by cropping off the largerspecies180 Alewife

have at least three behavioral modes of zooplankton

feeding that include sizeselective and nonsize selective

consumption60

Intraspecific competition for food may be more severe

than interspecific competition for alewife populations87

Richkus37 hypothesized that high densities of juvenile

alewife cropped zooplankton numbers to very low levels

and stimulated early emigration of the juveniles toestuarineareas In landlocked systems such as LakeMichiganadult alewife are known to feed upon alewife eggs

and larvae 112136182 Cannibalism has also been observed

in other landlocked situations
7882 but only two reports of

cannibalism in anadromous alewife populations appear

in the literature 133134

Competition with gizzard shad in the Susquehanna River

and upper Chesapeake Bay may have contributed to the

decline of some alewife populations in Maryland or is one

factor delaying recovery of these stocks The evidence is

purely circumstantial Carter15 reported that the catch
per

effort of gizzard shad in the fish lift at Conowingo Damon
the Susquehanna River steadily increased from 1972

through at least 1981 coincident with the recent period of

rapid decline of alewife populations in Maryland158

All life stages of the alewife are important forage items for

many freshwater and marine fishes birds amphibians

reptiles and mammals87 Yellow perch white perchspottailshiner and other alewife consume alewife eggs3772

Alewife larvae are consumed by vertebrate andinvertebrate
predators23 Predators on juvenile alewife include

American eel and white perch72 grass pickerellargemouthbass yellow perch pumpkinseed23 and other

fishes87 Kissil73 estimated that one young alewifesurvivedto leave the spawning area of Bride LakeConnecticutfor
every 80000 eggs spawned A portion of this high

mortality rate during the early life stages may be due to

predation Adult alewife are preyed upon by osprey

green heron mink23 lake trout144 Atlantic salmon striped

bass151 and other fishes 87

We could find no information which would implicate

predation as a factor which contributed to the general

decline of alewife populations in Chesapeake Bay
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ever bluefish and weakfish are two marine piscivores that

migrate into the Bay to feed and are known to be predators

on alewife40 Data compiled from 1974 through 1986

indicate that the spawning stock biomass of bluefish

peaked in 1979 but landings in the Bay were alsorelatively
high from about 1972 through 198668 Large bluefish

were also abundant in the Bay during 1988 from May

through midOctober Weakfish landings in Chesapeake

Bay have been below the longterm average in Maryland

and Virginia since in the early 1950s6s Nevertheless

combined commercial and recreational landings still

totalled 16 x 106 kg in 1985 Predation by adult bluefish

and weakfish on juvenile alewife during their latesummerfall
emigration to the sea could be one factor that is

delaying recovery
of alewife stocks in Chesapeake Bay

BLUEBACK HERRING

Food Habits

Juvenile blueback herring tend to be highly planktivorous

and feed upon copepods cladocerans and larvaldipterans1342
In the Cape Fear River North Carolina juvenile

blueback herring fed principally on small planktoniccrustaceansand their eggs30 An intensive study in Nova

Scotian waters observed that microzooplankton such as

calanoid copepods were the most important foodorganismsof juvenile blueback herring
162163

Juvenilesappearto feed primarily during daylight hours3 however
Loesch87 questioned this conclusion

Food habits of adult blueback herring are poorlydocumented60
particularly during their spawning runs into

freshwater2841 The stomachs of adults captured inFebruaryin offshore North Carolina waters contained several

zooplankton groups but no fish54 Spawning blueback

herring in the Chowan River North Carolina did not stop

feeding during their spring migrations to freshwater28

Nearly all 88 of the fish sampled in April contained a

wide diversity of food organisms that includedzooplanktersbenthos terrestrial insects and fish eggs Females fed

more actively than the males and consumed greaternumbers
of chydorid cladocerans insects and fish eggs

Competition and Predation

Few studies have focused on the competitive interactions

of blueback herring and other anadromous alosids40Differences
in feeding behavior among juvenile anadromous

alosids appear to be a means of avoiding interspecific

competitive interactions in nursery areas where theycoexist8792146
Juvenile blueback herring in the Minas Basin

Nova Scotia favored smaller and more planktonic prey

items than did juvenile alewife 162163 These observeddifferences
in prey selection suggest

that juvenile blueback

herring are predominantly filterfeeders whereas alewife

employ a particulatefeeding strategy In the Cape Fear

River North Carolina juvenile alewife consumed more

ostracods insect eggs and insect parts than did blueback

herring30 Juvenile American shad appear to feed more on

terrestrial insects at the surface less on copepods and on

different cladoceran groups than do juvenile blueback

herring3142 Crecco and Blake27 reported clear differences

in the diets of coexisting larvae of American shad and

blueback herring in the Connecticut River Theyconcludedthat intraspecific competition for food in these two

alosids may be more severe than interspecificcompetition
Concerns about introducing blueback herring into closed

freshwater systems particularly when predator stocks are

low include uncontrolled population growthcompetition
with other fish species for food and space selective

feeding on zooplankton prey piscivory and growth of

the blueback herring beyond an acceptable prey size for

predators87 Few of these potential problems have been

observed after the establishment of anadromous runs of

blueback herring From another perspective Carter5observed
that the abundance of gizzard shad increased in

the Susquehanna River Maryland during the same time

that river herring populations declined The ecological

connection between these observations if any is unclear

All life stages of blueback herring are important forage

items for many freshwater and marine fishes birdsamphibians
reptiles and mammals87 In freshwater nursery

areas and during their seaward migration juvenileblueback
herring are consumed by a variety of predators

including eels striped bass bluefish yellow perch white

perch other fish species plus reptiles birds andmammals87151Adult blueback herring are also eaten by marine

fish predators and seabirds during the spawning run151

We could find no information which would implicate

predation as a factor which contributed to the general

decline of blueback herring populations in theChesapeakeBay However bluefish and weakfish are two

marine piscivores that migrate into the Bay to feed and are

known to be predators on blueback herring40 Datacompiledfrom 1974 through 1986 indicate that the spawning

stock biomass of bluefish peaked in 1979 but landings in

the Bay were relatively high from about 1972 through

198668 Large bluefish were also very abundant in the Bay

during 1988 from May through midOctober Weakfish

landings in the Chesapeake Bay have been below the

longterm average in Maryland and Virginia since in the

early 1950s68 Nevertheless commercial and recreational

landings in both states combined totalled 16 x 106 kg in

1985 Predation on juvenile blueback herring by adult

bluefish and weakfish during their late summerfall

emigration to the sea could be one factor that is delaying

recovery of blueback herring stocks in Chesapeake Bay
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POPULATION STATUS AND TRENDS IN
CHESAPEAKE BAY

Records of Commercial and Recreational

Landings
Blueback herring and alewife are harvested commercially

and recreationally in every Atlantic Coast state except

Georgia164 and also in the maritime provinces of Canada

where they are marketed together as alewife orgaspereau7151In Chesapeake Bay and throughout the US
range

of these two alosids they are not distinguished in

the records of commercial or recreational landings but are

lumped and reported as alewife or river herrings

Catches of Atlantic menhaden also may contribute to

reported landings of river herrings In Maryland andVirginiariver herrings are consumed fresh salted pickled

or smoked but currently most are used for crab bait eel

bait pet food and fish meal87140145 For a historicalperspectiveon the river herring fishery in Chesapeake Bay

and a more detailed discussion of the modern fishery see

Krauthamer and Richkus81

Pound nets gill nets fyke nets and haul seines are the

primary commercial gear for catching river herrings in

Chesapeake Bay168158 Detailed descriptions of the

dimensions of typical pound nets used in the Patuxent

River the Susquehanna FlatsHead of Bay region and

Fishing Bay Maryland are provided in Mowrer et a1116

Virginia historically has taken the largest portion of the

total Chesapeake Bay harvest40

Substantial offshore landings of river herrings were

reported by foreign fishing fleets
operating in US coastal

waters between 1967 and 1972158 Since 1973 riverherringcatches by foreign fleets have been relatively low

because of agreements between the US and foreign

countries and enactment of the 200mile limit In recent

years the bycatch of river herrings in the offshore Atlantic

mackerel fishery has become a growing concern toresource
managers in Maryland and Virginia18 This fishery

is composed of a jointventure fishery and a directed

fishery by foreign vessels Bycatch of river herrings is

variable from year to year averaged about 48 x 103 kg

between 1981 and 1989 and appears to be increasing46

Bycatch limits for river herrings in the offshore mackerel

fishery are currently set at 100 x 103 kg

Maryland and Virginia are working to ensure that river

herring bycatch in the offshore mackerel fishery isminimized18Both states are monitoring river herring bycatch

and support recommendations fromthe MidAtlanticFisheryManagement Council that the foreign fishery stay at

least 20 miles offshore that a maximum bycatch of river

herrings be maintained and enforced and that intercept

fisheries be discouraged

Sport fishermen take river herrings with dip nets and by

hook and line in Maryland and Virginia during the spring

spawning runs dip nets are the primary gear81Recreational
exploitation of river herrings was widespread along

the banks of the Susquehanna River upper Bay area and

the Choptank Nanticoke and Potomac Rivers of Maryland

during the 1960s Dip netting was so popular at some

locations that space to dip was often difficult to find on

March and April nights when the spawners wererunning81The recreational dip net fishery for river herring

decreased sharply in the early 1970s in Maryland waters

River herring are still landed with dip nets but are often

incidental catches to the targeted species white perch

Daily catches of river herrings by dip net fishermen in

Virginia during 1977 and 1978 ranged from 3040 fish per

fisherman depending upon time and site94 These spotty

reports suggest that annual catches of river herrings by

sport fishermen may have been and still may besubstantial
unfortunately accurate records of recreational catch

and effort are not available for Chesapeake Bay This

source of mortality on alewife and blueblack herring

adults should be measured given the declining trends in

stock abundance that began in the 1970s and have not

yet improved

Of all the anadromous fish species harvested in theChesapeakeBay the river herrings experienced the most drastic

decline in commercial landings158 Reported landings in

Maryland and Virginia totalled 95 x 106 kg as recently as

1970 by 1980 landings dwindled to 06 x 106 kg
140

Recent

landings are the lowest ever recorded by either state and

reflect a similardecline in all river systems81 Theproportionof blueback herring to alewife increased during the

1970s concomitant with a reduction in commerciallandings
suggesting that the rate of decline in alewife stocks

exceeded the rate of decline in blueback herring stocks140

A portion of the overall decline in river herring landings

may be related to a reduction in pound net fishing effort

between 1929 and 1980 143 However the magnitude of

the reduction in reported landings in the Bay cannot be

completely accounted for by a reduction in pound net

effort alone140 and also must reflect a real decline in stock

abundance The population estimate of river herring

stocks in the Susquehanna River for 1980 93585suggestedan abundance decline of at least an order ofmagnitude
since 19613981

Juvenile Abundance Indices

Virginia and Maryland conduct annual juvenile surveys in

alewife and blueback herring nursery areas in an effort to

develop annual indices of reproductive success881140158

Indices from both States have sampling design features

that limit their abilities to estimate juvenile alewife or

blueback herring production accurately every year The

juvenile indices likely can discriminate
very good from

very poor year classes These indices suggest that alewife

are generally less abundant than blueback herring Recent
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trends in juvenile alewife and blueback herringabundance
are down in all river systems of both states141 even

though the apparent decline in some rivers cannot be

statistically confirmed81

Current Status of Spawning Populations
in the Major Bay Tributaries
A qualitative assessment of the current status of alewife

and blueback herring spawning populations in each of

the major tributary systems to Chesapeake Bay ispresentedin this section For another perspective on the

current status of river herring stocks in Chesapeake Bay

that generally agrees with ours see Richkus et al141 Our

assessment was drawn from recent

surveys78444555s9878889909193123178179the observations of

fisheries biologists associated with these surveys and

other informed individuals personal communications

Larry Leasner James Mowrer Jay ODell and Harley Speir

Maryland Department of Natural Resources HerbBenjaminNortheast Maryland Joice Davis Joseph Loesch

and James Owens Virginia Institute of Marine Science

This assessment is relevant to the 1980s especially the

latter half of this decade and represents a perspective on

the current spawning populations compared toconditions
in the late 1960s when Baywide alewife andblueback
herring populations were much more abundant than

they are today

ALEWIFE

Susquehanna River

Deer Creek a remnant population that is at a very low level

of abundance

Octoraro Creek a remnant population that is at a very
low

level of abundance

Bush River

A remnant population that is at a very low level ofabundancebut appears to be stable

Gunpowder River

A remnant population that is at a low level of abundance

but
appears to be stable

Patapsco River

Probably no more than a very
small remnant population

left

Magothy River

Probably none left

Severn River

A remnant population that is at a low level of abundance

South River

A remnant population that

is

at a low level of abundance

West River

Probably no more than a small remnant population left

Patuxent River

A remnant population that is at a low level of abundance

but appears to be stable

Potomac River

St Marys River none alewife probably never have

spawned there

Breton Bay none alewife probably never have spawned

there

St Clements Bay none alewife may never have spawned

there

Wicomico River probably none left

Port Tobacco River probably none left

Nanjemoy Creek a remnant population that appears to be

declining

Mattawoman Creek a moderately abundant population

that appears to be stable

Piscataway Creek a remnant population that appears to

be stable

Anacostia River probably none left

Rock Creek a remnant population that appears to be

stable

Rappahannock River

A population that is at a low level of abundance but

appears to be stable

York River

Mattaponi River a population that is at a low level of

abundance but
appears to be decreasing

Pamunkey River a population that is at a low level of

abundance but
appears to be stable

James River

Current status of this population is not known

Chickahominy River

The catch records of river herring alewife not separated

from blueback herring suggest that there is an abundant

population of mostly blueback herring

Pocomoke River

A remnant population that appears to be declining

probably was never very
abundant
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Nanticoke River

A moderately abundant population that may beincreasing
Honga River

Probably none left

Choptank River

A remnant population that is at a very low level ofabundanceand may be declining

Magothy River

Probably none left

Severn River

A remnant population that is at a low level of abundance

South River

A remnant population that is a low level of abundance

West River

Probably no more than a very small remnant population

left

Wye River

Probably none left

Chester River

A remnant population that is at a low level of abundance

and may be declining

Sassafras River

A remnant population that is at a very low level ofabundance
Bohemia River

A remnant population that is at a very low level ofabundance
Elk River

A remnant population that is at a very low level ofabundanceand may be declining

Northeast River

A remnant population that is at a low level of abundance

and may be declining

BLUEBACK HERRING

Susquehanna River

Deer Creek a remnant population that appears to be

declining

Octoraro Creek a remnant population that appears to be

declining

Bush River

A remnant population that is at a very
low level ofabundance

Gunpowder River

A remnant population that is at a low level of abundance

and appears to be declining

Patapsco River

A remnant population that appears to be stable at a very

low level of abundance

Patuxent River

A remnant population that appears to be stable

Potomac River

St Marys River probably none blueback herring may
never have spawned there

Breton Bay probably none blueback herring may never

have spawned there

St Clements Bay probably none blueback herring may
never have spawned there

WicomicoRiver a remnant population that is at a very
low

level of abundance

Port Tobacco River a remnant population that is at a very

low level of abundance

Nanjemoy Creek a remnant population that appears to be

declining

Mattawoman Creek a moderately abundant population

that appears to be stable

Piscataway Creek a remnant population that
appears to

be stable

Anacostia River a remnant population that appears to be

stable

Rock Creek probably none left

Rappahannock River

Moderately abundant population that appears to be

stable

York River

Mattaponi River a moderately abundant population that

may be decreasing

PamunkeyRiver a moderately abundant population that

appears to be stable
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James River

Current status of the blueback herring population is not

known

Chickahominy River

The catch records of river herring alewife not separated

from blueback herring suggest that there is an abundant

population of mostly blueback herring

Pocomoke River

A remnant population that apppears to be declining

Wicomico River

A remnant population that appears to be declining

Nanticoke River

A moderately abundant population that appears to be

increasing

Honga River

A remnant population that appears to be declining

Choptank River

A moderately abundant population that appears to be

stable

Wye River

Probably none left

Chester River

A population that is at a low level of abundance but

appears to be stable

Sassafras River

A remnant population that is at a very low level ofabundance
Bohemia River

A remnant population that is at a very
low level ofabundance

Elk River

A remnant population that is at a low level of abundance

but appears to be increasing

Northeast River

A remnant population that appears to be declining

HABITAT REQUIREMENTS

ALES
Much of the research focused on the specificenvironmental

requirements of the alewife dealt with landlocked

populations Less effort has been expended onanadromous
populations The information presented below

does not distinguish the findings of landlocked from

migratory alewife studies

Temperature
Temperature effects on alewife

eggs were investigated in

several studies The initial research on the effects ofoncethroughpower plant exposures on alewife
eggs was

conducted by Schubel and Auld148a Eggs were acclimated

at 17°C and then exposed to 245°C conditions for 660

minutes No significant differences in hatching success

were reported nor was there any evidence of abnormal

egg development In a similar experiment with alewife

eggs the acclimation temperatures ranged from12145°Cwhereas test temperatures remained between 18

and 245°C147 No significant difference in hatchingsuccesswas noted among the various timetemperaturetreatments
Koo et al80a exposed alewife eggs to temperatureincreasesof 10145°C for 5 and 15 minutes A 15 minute

exposure at 284°C resulted in significantly greater egg

mortality than was observed in the controls A five minute

exposure at 356°C did not significantly reduce eggsurvivalA critical thermal maximum CTM temperature of

356°C was reported for alewife eggs acclimated at

2060C 80b The critical exposure period was 510 minutes

at the CTM

An optimum hatching temperature of 178°C for alewife

eggs was reported by Edsall38 Some hatching occurred

over the
range of 69294°C But at incubationtemperaturesbelow about 11°C 69 of the newlyhatched larvae

were deformed In another laboratory study maximum

hatching success of alewife eggs occurred at 208°C no

eggs hatched at 297°C71 Time of median hatch was

inversely related to temperature 74 days at 127°C and 3

days at 268°C Alewife eggs were collected at water

temperatures ranging from 714°C in the upperChesapeakeBay 70 were collected between 12140C34

The effects of temperature on alewife larvae also have

been studied Larvae acclimated at 164°C tolerated a 15

minute exposure to temperatures < 309°C80a Koo et alBob

later reported that larvae survived a onehour exposure at

336°C when acclimated to 186°C The preferred

temperature range for alewife larvae acclimated at 20°C

was 23290C3671 An upper temperature tolerance limit of

31°C was reported for yolksac larvae acclimated at1415°C71Growth rates of alewife larvae were considerably

lower when they were reared in freshwater compared to

saltwater 1013 ppt at 264°C Small temperatureincreasesabove 208°C resulted in substantial growthincreasesLarval and juvenile alewife were collected at

water temperatures between 4 and 27°C in the upper

Chesapeake Bay 98 were collected at 25°C34
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Temperature effects on juvenile alewife were observed by

Jude et al70 and Brandt et al10 They reported that

juveniles were most abundant at temperatures > 17°C

during the day in Lake Michigan Juvenile alewife appear

to avoid temperatures above 25°C130 Optimaltemperatures
are considered to be 1520°C The preferredtemperature

range for juvenile alewife was 1723°C at 47 ppt

salinity when they were acclimated at 1521°C106X34 A
final temperature preferendum of 195°C for juveniles

acclimated at 20°C and a 96 h LC50 temperature of 326°C

for juveniles acclimated at 25°C was reported36 Nomortalityoccurred when juveniles were exposed to 9°Cfollowingacclimation at 20°C in 55 ppt salinity134 However
2760 mortality was observed when they were exposed

to 7°C for 96 h Significant mortality was observed at

3031°C for juveniles acclimated at 162°C 160 A 20survivalrate was observed for juveniles that were exposed

for 24 h to 35°C after acclimation at 189206°C33 The

results were similarwhen juveniles were acclimated to 19

and 22°C at 6 ppt salinity before exposing them to

285°C 134 The 22°C acclimation group experienced 20
mortality after 24 h of exposure while the 19°C group

experienced 25 mortality after 96 h Juvenile alewife

acclimated to 17 18 and 25°C in 4045 ppt salinity

avoided temperatures
of 26 24 and 30°C respectively

115

Juveniles acclimated to 26°C avoided temperatures

> 34°C134

The upper incipient lethal temperature for juvenile

alewife acclimated to 9°C was 23°C43 Otto et al129collected
wild juveniles and adults during the summer and

then compared upper incipient lethal temperature limits

after acclimation to 10 20 and 25°C They reported upper

lethal
temperatures

for juveniles that ranged from265321°CThese upper lethal temperatures were 36°C

higher than those for adult alewife Preferredtemperaturesfor juvenile alewife 2425°C in summer 1921°C in

winter were consistently higher than those of adults

1621°C in summer 1116°C in winter129 Juvenilessuffered
greater than 90 mortality when exposed to

decreasing temperatures 15628°C over a 15day

period23

Several other studies examined the effects of temperature

on adult alewife Marcy°° collected adults from adischargecanal along the Connecticut River whentemperatures
ranged from 57310°C Adult alewife were most

abundant at depths in Lake Michigan where watertemperaturesranged from 1116°C during the day1018°Howeverin another study adults were most abundant at

depths where temperatures ranged from 1622°C70

Alewife recruitment abundance and distribution in the

Great Lakes were influenced by water temperature49 An

upper temperature preferendum of 213°C was observed

for adults collected during the spring from Lake Erie and

tested in the laboratory135 Adults avoided 26 and 30°C

when acclimated at 16 and 20°C36 Wells180 reported

upper and lower avoidance temperatures of 220 and

80°C for adult alewife in Lake Michigan

Upper incipient lethal temperatures ranged from235240°Cwhen adult alewife were acclimated to 10 20 and

25°C129 These results were similar to those of Graham43

However Stanley and Holzer16i reported upper incipient

lethal
temperatures

of 298 and 328°C for adultsacclimated
to 169 and 245°C respectively Similarly high

upper incipient lethal temperatures 3134°C wereestimated
for adults acclimated at 27°C103 Mortalitiesobserved

in adult alewife exposed to 16 ± 10°C were not

directly related to temperature but rather to increased

fungal infection161

The lower incipient lethal temperature range for adult

alewife acclimated to 150 and 210°C lies between 6 and

8°C the ultimate lower lethal temperature is about 3°C129

Adult alewife acclimated to 21°C exhibit 30 mortality

when subjected to 105°C129 Mortality increased to 40 and

91 when these adults were subjected to 80 and 70°C

Dissolved Oxygen
A paucity of information exists regarding the sensitivities

of various life history stages of alewife to dissolved

oxygen DO Minimum DO concentrations are 50 mgL1

for eggs and larvae and 36 mgL1 for juveniles and

adults68 Juvenile alewife in the Cape Fear River system

North Carolina selected areas where DO ranged from

24100 mgL130 Dorfman and Westman33 observed 33
mortality for adult alewife exposed to DO ranging from

2030 mgL1 for 16 h in the laboratory They also reported

that adults could survive exposure to DO as low as 05

mgL1 for up to five minutes if access to an area with DO
> 3 mgL1 was available The test fish responded to DO
below 20 mgLU1 by moving toward the surface of the test

chambers

Salinity

An unstressed anadromous alewife is apparently anexcellent
ion regulator and quite tolerant of wide salinity

changes25 however experimental evidence to support

this view is limited Richkus137 reported zero mortality

when adult and juvenile alewife were either transferred

directly from fresh water to saline water 32 ppt or vice

versa

Concentrations of the electrolytes sodium potassium and

calcium in blood and muscle tissue of adult alewife held

in sea water and fresh water were similar indicating that

after a period of acclimation the alewife were efficient

osmoregulators in either environment 160 However when

alewife were exposed to decreasing temperatures from

16 to 3°C at a rate of 25°C per day a coldinduced ionic

imbalance was observed They concluded that alewife

mortalities in the Great Lakes might be related to ionic
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imbalance resulting from acute exposure to cold but not

warm temperatures

Alewife eggs were collected in areas of the upperChesapeakeBay where salinities ranged from 02 ppt 99 of

the eggs were collected in strictly freshwater34 Larvae and

juveniles were collected in areas that ranged from 08 ppt

98 were collected between 03 ppt and 82 werecollected
in fresh water Pardue13o concluded that salinities

of 5 ppt or less were optimal for alewife

pH
We could find only a limited amount of laboratory and

field data on the sensitivity of various life history stages of

alewife to pH

Adults were able to tolerate pH changes as large as 08

unit within a
range

of pH 657324 Byrne14 measured a

median pH of 50 in several New Jersey coastal plain

streams that still had alewife but not blueback herring

spawning runs His observations suggested that the early

life stages of alewife were able to tolerate more acidic

conditions in those waters than blueback herring Based

on staticrenewal toxicity tests conducted in the laboratory

using water from four acidic impoundments pH 4553
he also suggested that successful spawning of alewife in

those streams could occur at pH as low as 45 Juvenile

alewife from the Cape Fear River system North Carolina

were collected in areas where free carbon dioxide ranged

from 422 mgL1 and pH ranged from 52683°

Klauda74 proposed critical acidity conditions defined as

laboratory and field exposures associated with > 50
direct mortality for alewife reproduction in Maryland

coastal plain streams based upon data available for the

congeneric blueback herring Critical conditions foralewife
reproduction could occur during an acidic pulse

between pH 55 and 62 with concomitant concentrations

of total monomeric aluminum ranging from 15137 tgL1

for a pulse duration of 896 h In a recent laboratory

experiment with alewife Klauda et al unpublished

yolksac larvae appeared to be relatively tolerant of the

single 12 and 24 h acid and aluminum pulses that were

tested Alewife larvae tolerated a single 24 h acidonly

pulse to pH 45 with no mortality and a single 12 h
acidonly pulse to pH 40 with 38 mortality Larvalmortalityincreased to 96 during a 24 h exposure to a single

pH 45 pulse accompanied by a 446LgL1 pulse ofinorganicmonomeric aluminum

Hardness and Alkalinity
We could find no information on water hardness or

alkalinity optima or tolerances for any life history stage of

alewife see Salinity subsection Davis and Cheek30collected
juvenile alewife in areas of the Cape Fear River

system North Carolina where alkalinities ranged from

532 mgL1

Suspended Solids
The effects of suspended solids on alewife eggs were

examined in the laboratory149 but the experiment was

terminated prematurely due to an extensive fungalinfestation
They concluded that high levels of sediment could

increase infection rates of eggs in natural environments

In a later study alewife eggs exposed to concentrations

of suspended solids ranging from 501000 mgL showed

no significant reduction in hatching success3

Current Velocity and Turbulence
We could find no information on current velocity and

turbulence optima or tolerances for any life history stage

of alewife Successful spawning has been documented

over a wide range of velocity conditions from standing

water to fastflowing streams67

Physical Habitat
Alewife spawn in a diversity of physical habitats that

includes large rivers small streams and ponds over a

range of substrates such as gravel sand detritus and

submerged vegetation and in areas with sluggish water

flows and depths ranging from about 023 M 2587121130

Substrates with 75 silt or other soft materials containing

detritus and vegetation and sluggish flows wereconsideredby Pardue130 to be optimal for providing cover for

spawning river herring and their eggs and larvae We
could find no information on physical habitatrequirements

for any other life history stage of alewife

BLUEBACK HERRING
Some research has been conducted on the specificenvironmental

requirements of river herrings Most of this

work was focused on landlocked populations of alewife

summarized above in the ALEWIFE section Information

specific to blueback herring is presented below

Temperature
Temperature effects on blueback herring eggs wereinvestigatedin several studies Blueback herring eggs were

collected in waters with temperatures ranging from 714°C

in upper Chesapeake Bay 90 were collected at 14°C34

No significant reduction in hatching success was reported

for eggs acclimated at 15183°C and exposed totemperaturesof 22283°C for530 minutes in the laboratory147 No

significant reduction in hatching success was reported for

eggs acclimated at 179211°C and then exposed to 311°C

for 05 h148 However a significant reduction in hatching

success occurred when blueback herring eggs wereexposedto temperatures of 329361°C for 515 minutes

total egg mortality occurred at 379°C

One laboratory study evaluated the effects of temperature

on blueback herring eggs
and larvae collected from a

population in New Brunswick Fertilized eggs wereexposedto 29 and 34°C for 60180 minutes after acclimation

to 19°C79 Egg mortality and hatchability were not good
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indicators of
temperature

effects The severity of larval

deformity however was directly related to exposuretemperatureand duration 100 deformity occurred in larvae

exposed to 34°C for three hours Deformities werepermanentranged from minor curvature of the spine to

complete lack of normal larval form and behavior and

would have decreased larval survival Dovel34 collected

larval and juvenile blueback herring in waters with

temperatures of 1328°C 96 were collected at 2328°C

h The juveniles were unable to detect and avoid waters

with low DO Juveniles in the Cape Fear River North

Carolina were collected in areas where DO ranged from

24100 mgL130 Mass mortalities of juvenile blueback

herring occurred in the lower Connecticut River during

summer June and July in 1965 1966 1967 and 1971

Mortalities were most evident in the early morning when

DO was below 36 mgL1 and the water temperature was

276°C113

In laboratory studies juvenile blueback herringacclimated
to 25 and 26°C in 78 ppt salinity preferredtemperatures
ranging from 2428°C134 Marcy and Jacobson101

acclimated juveniles at 19 and 227°C before exposing

them to 3233°C Mortality rates after four to six minutes

of exposure for the 19 and 227°C acclimation groups

were 100 and 617 Juveniles acclimated at 15°C suffered

100 mortality after a six minute exposure to 305°C134

Juveniles acclimated at 25°C in 657 ppt salinity survived

exposure at 1213°C but suffered total mortality when

exposed to 10°C132 Juveniles acclimated at 5°C in 8510

ppt salinity survived at 3°C but suffered 100 mortalityat

02°C

An avoidance temperature of 36°C was reported forjuvenilesacclimated to 26°C and 7 ppt salinity132 Juvenile

blueback herring acclimated at 16°C and 29 ppt salinity

avoided 2628°C conditions169 These investigators also

acclimated juveniles at 15°C and 29 ppt salinity prior to

exposure to 20 25 and 32°C No mortality was observed

during exposures to 20 and 25°C but total mortalityoccurredwithin six minutes when the fish were exposed to

32°C In laboratory tests preferred selectedtemperaturesof young blueback herring ages 0+ and 1+ collected

from the Delaware River New Jersey ranged from2022°C
at salinities of 46 ppt and acclimation temperatures

of 1521°C 106
Juvenile and adult blueback herring were

collected from a discharge canal along the Connecticut

River at water temperatures
of 67325°C 100

Juveniles

were captured in the Cape Fear River North Carolina

when water temperatures ranged from 11532°C 30

Pardue30 concluded that optimum spawningtemperatures
for blueback herring adults were 2024°C A single

laboratory experiment with adults reported that fishacclimated
to 15°C and 29 ppt salinity exhibited a final

temperature preferendum of 228°C 169

Dissolved Oxygen
We could find no information on dissolved oxygen DO
optima or tolerances for blueback herring eggs The larvae

and adults require DO of at least 50 mgL167 Adults were

never captured at sampling stations in the Cooper and

Santee Rivers South Carolina where DO levels were less

than 6 mgL121 A minimum DO of 36 mgL1 is required

for juveniles Dorfman and Westman33 reported 33mortalityfor juveniles exposed to DO of 2030 mgL1 for 16

Salinity
The eggs larvae juveniles and adults of blueback herring

are tolerant of a wide range of salinities Live eggsyolksaclarvae and postlarvae were collected in a Canadian

coastal stream where salinities reached 22 ppt66 When
Chittenden19b transferred wild juveniles directly from

fresh water to 28 ppt at 22°C only one of the 10 juveniles

died at nine hours posttransfer during the six dayobservation
period following the transfer Handling stress

probably was related to the observed mortality Spawning

can occur in waters with 06 ppt salinity but mostspawning
activity occurs in waters with less than 1 ppt Juveniles

tend to inhabit waters of 020 ppt prior to their fall

migrations to the sea68 Adult blueback herring werecollected
at 035 ppt Pardue130 concluded that optimal

salinities for blueback herring are less than 5 ppt

pH
Based on a series of laboratory experiments with fertilized

eggs and yolksac larvae Klauda74 proposed that critical

acidity conditions defined as laboratory and field test

exposures associated with > 50 direct mortality forsuccessfulblueback herring reproduction in Marylandcoastal
plain streams occur during an single 896 h pulse of

acid pH 5562 with concomitant total monomeric

aluminum concentrations of 15137 tgL1 Klauda et a177

reported a pHinduced mortality threshold for yolksac

larvae of pH 5765 and a 96 h LC50 pH of 637 pH that

killed 50 of the test organisms during a laboratory

study with no aluminum present Highly variablemortalityrates for yolksac larvae 375 were observed at

pH 67 The mortality rate for larvae nearly doubled2549
as the duration of exposure to a single acid pulse of

pH 55 with no aluminum doubled from 12 to 24 hours

Klauda and Palmer 1987a They also reported 19mortalitywhen blueback herring yolksac larvae wereexposedfor four hours to a pH minimum of 55 and total

aluminum maxima of 100150 ggL1 Mortality increased

to 66 98 and 100 as exposure increased to 8 12 and 24

h respectively
75 Yolksac larvae were more sensitive than

fourhour old embryos to pH and aluminum treatments
76

Their laboratory data indicated that larvae were adversely

affected by pH 57 and 62 when no aluminum was

added but seemed to tolerate pH 67 and 75 The time

period over which larval blueback herring succumbed to

exposures to pH 57 and 62 was significantly reduced
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with the addition of 200400 9gL1 of aluminum to the acid

treatments7677

Klauda and Palmer76 also investigated the effects of four

acid treatments pH 5775 and five aluminum treatments

0400 ggL1 nominal during several 96120 h continuous

exposure laboratory experiments with blueback herring

eggs Only fourhour old embryos were sensitive to

aluminum in the test treatments of pH 5767Twelvehour
old embryos were most sensitive to pH 57 with no

aluminum The oldest embryos tested 24 h wereresistant
to all pH and aluminum levels

We could find no information on pH optima or tolerances

for juvenile or adult blueback herring Davis and Cheek30

collected juveniles from areas of the Cape Fear River

North Carolina where pH ranged from5268 Time spent

by the juveniles in any portion of this pH range was not

reported Adult blueback herring were never captured at

sampling stations in the SanteeCooper River system

South Carolina where pH was less than 60 or greater than

752021 Byrne14 investigated river herring spawning runs

in the tailwaters of 27 impoundments on Delaware River

tributaries in NewJersey Blueback herring runs occurred

at only eight study sites Monthly pH measurements at

these eight sites during April May and June ranged from

pH 4771 mean 62

Hardness and Alkalinity
We could find no information on water hardness and

alkalinity optima or tolerances for any life history stage
of

blueback herring see Salinity subsection Juveniles

were collected in areas of the Cape Fear River system

North Carolina where alkalinity ranged from 532 mgL130

Suspended Solids

Concentrations of suspended solids < 1000 mgL1 did not

significantly reduce hatching success of blueback herring

eggs3 High levels of suspended solids during and after

spawning may significantly increase rates of egginfectionsfrom naturally occurring fungi149 and cause delayed

mortalities

Blueback herring larvae appear to be more sensitive to

suspended solids than the egg stage During field tests

with yolksac larvae in Lyons Creek Maryland Klauda

and Palmer76 observed that a storminduced turbidity

maximum of 450 NTU estimated suspended solidsconcentration830 mgL1 11 was associated with 100mortalityof the larvae during a fourday in situ test Mortality

of blueback herring larvae also was positively correlated

with turbidity during other fourday in situ tests in three

Maryland coastal plain streams45 Total larval mortality

was observed during field tests that coincided with rain

events and encountered maximumstream turbidity levels

of 47198 NTU However because storminducedchangesin stream turbidity also were associated with changes

in stream pH and current velocity the effects of turbidity

by itself on larval survival could not be discriminated by

these in situ tests

Current Velocity and Turbulence
We could find no information on current velocity and

turbulence optima or tolerances for any life history stage

of blueback herring

Physical Habitat
Blueback herring spawn in a diversity of physical habitats

that include relatively fast flowing sections of freshwater

tributaries channel sections of fresh and brackish tidal

rivers Atlantic coastal ponds seasonally flooded rice

fields cypress swamps and oxbows 4187130 Pardue130

concluded that substrates with 75 silt or other soft

materials containing detritus and vegetation and sluggish

flows are considered optimal to provide cover forspawningriver herring and their
eggs

and larvae We could find

no information on physical habitat requirements for any

other life history stage of blueback herring

SPECIAL PROBLEMS

AL EVr E

Contaminants
Relatively little information exists on the acute and chronic

effects of contaminants on any life history stage of the

alewife A 24 h LC50 of 225 mgL for total residual chlorine

TRC was reported for juveniles exposed for 30 minutes

at 10°C153 Thirtyminute LC50 values for TRC were 227

mgL1 for juveniles exposed at 10°C and 030 mgL1 when

the fish were exposed at 30°C 12152
Juvenile alewife held

at 15°C in 7 ppt salinity exhibited an avoidance response

to 006 mgL1 TRC132 An avoidance response occured at

< 003 mgL1 TRC for juveniles held in fresh water at 19 to

24°C9

Nutrients
We could find no information which would directlyimplicatehigh nutrient levels as a factor contributing to the

general decline of alewife populations in Chesapeake Bay

or preventing stock recovery Rulifson et at 145 mentioned

low DO sewage outfalls and poor water quality as

nutrientrelated factors that were possibly important or

very important in contributing to the decline of certain

populations of alewife in North Carolina

In an interesting study Limburg and Schmidt85 observed

a significant negative correlation r2=0732 betweendensities
of anadromous fish eggs and larvae 93 alewife

produced in tributaries to the Hudson River New York
and an index of urbanization in the watersheds of these

tributaries When the percent of a watershed in urban land

usage increased to about 10 egg and larval densities in

the associated tributaries declined sharply They also

reported that DO saturation declined to about 7080
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during the alewife spawning and early nursery period

AprilJune in those study streams that were near urban

centers A negative relationship between DO saturation

and percent of watershed area in urban land uses was

apparent in their study streams

Nutrient inputs to Chesapeake Bay and its tributaries from

point sources stormwater runoff groundwater andatmospheric
deposition are of concern to scientists and

resource managers Excessive nutrient enrichmentstimulates
heavy growths of phytoplankton Death and decay

of phytoplankton blooms involve high rates of dissolved

oxygen consumption which can lead to low DO during

the growing season in the bottom layers of the Bays

deeper channels and to diurnally low DO in tidaltributaries261J1 These conditions can stimulate fish kills during

hot summer months Nutrient reduction is a major goal of

the 1985 Chesapeake Bay Restoration and Protection

Plan29159 Achieving nutrient reduction goals shouldincreaseDO in alewife nursery areas and in the mainstem

Bay and perhaps help to stimulate recovery
of alewife

stocks throughout Chesapeake Bay

Parasites and Diseases
Few studies of parasites or diseases of alewife have been

published151 Several parasites were collected from

alewife taken near Woods Hole Massachusetts andincludedan acanthocephalan a cestode four trematodes

and three copepods68 Piscine erthrocytic necrosis PEN
a blood disease was reported in anadromous alewife

collected from coastal Maine waters154 We could find no

information which would implicate parasites or diseases

as factors which contributed to the general decline of

alewife populations in Chesapeake Bay or are preventing

stock recovery

Impediments to Spawning Migrations
Manmade dams impoundments stream flow gauging

weirs roadway culverts bridge aprons
and naturalimpedimentsto fish spawning migrations such as beaver

dams water falls and logdebris piles have beensuggestedas factors which may have contributed to the

decline of alewife populations in Maryland andVirginia1158Manmade dams currently block alewifespawningruns on mainstem segments of several major river

systems including the Susquehanna Patapsco Patuxent

Potomac Rappahannock Chickahominy Appomatox
and James Map Appendix The role of manmade dams

and impoundments in alewife stock declines is uncertain

No dams have been constructed on any major Bay

tributary since the mid1940s long before the major stock

declines of the late 1960s to mid1970s beganImpediments
to spawning migrations also exist on many smaller

tributaries to the Chesapeake Bay17

During a 19701971 survey of anadromous fish spawning

areas in the Potomac River system ODell et al122 d
o

c
u

m
e

n
te

d

44 constructed barriers on 27 streams 53 beaver

dams on 11 streams 17 waterfalls on eight streams and

185 logdebris piles on 41 streams that either completely

blocked access to spawning fish migrations or permitted

fish
passage only during high water levels Plans for fish

passage facilities at Little Falls Dam on the mainstem

Potomac River near the District of Columbia and at Pierce

Mill Dam on Rock Creek in the District of Columbia are in

the serious discussion stage17

A similarstream survey was conducted in the Patuxent

River system between 1980 and 1983123 Seventysixmanmadestructures on the mainstem and 144 on tributaries

were documented that had the potential to block alewife

spawning runs Manmade structures included dams
stream flow measuring weirs roadway culverts bridge

aprons and pipeline crossings There were 178 natural

barriers waterfalls beaver dams logdebris pilesdocumentedwhich could block or impede spawning runs

A conceptual design for a fish passage structure to be

constructed at the Fort Meade Dam at Maryland Rte 198

bridge on the Little Patuxent River was developed by the

US Fish and Wildlife Service in conjunction with the US
Department of the Army and MDNR A deniltype fish

ladder was completed at this site in March 1991 This fish

passage facility at the Fort Meade Dam will open up
almost 13 km of potential spawning habitat to alewife

Stream surveys also were conducted in major riversystemson Marylands eastern shore 55178179

The Patapsco River in Maryland presently is blocked by

four dams Bloede Simpkins Union and Daniels All

dams except Simpkins are Stateowned and located in

Patapsco State Park17 Simpkins Dam is an industrial water

supply dam owned by Simpkins Industries Maryland

DNR cooperating Federal agencies and the Chesapeake

Bay Foundation CBF have developed engineering plans

for fish ladders at the Bloede and Daniels dams A plan

developed with Howard County calls for removal of a

portion of Union Dam to create fish passageopportunitiesSimpkins Industries is expected to fund a fish

passage structure for their water supply dam Actions also

are proceeding to remove three blockages on two

tributaries to the Patapsco River Stoney Run and Deep
Creek

A town water supply dam in Elkton Maryland on Big Elk

Creek recently was targeted as a demonstration fishpassage
project in a cooperative effort among MDNR CBF

and the Town of Elkton17 Funds provided by MDNR will

be used to construct a fish ladder that should begin

construction in late 1991 When completed the Elkton fish

ladder will restore 16 24 km of potential spawning habitat

for alewife in Big Elk Creek
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Discussions held between MDNR and US Army officials

concerning the construction of fish passage facilities on

Winters Run in the Bush River drainage were successful

A deniltype fish ladder was completed in August 1990

and began functioning during the spring 1991 spawning

season New fish passage facilities also are planned for

Susquehanna River dams see AMERICAN SHAD ANDHICKORYSHAD chapter this volume

Odom et a1125 recently surveyed the use of Virginia

tributaries to the Potomac River by anadromous fishes

The study was sponsored by Virginias Department of

Transportation and was designed to assess highwaycrossingsas impediments to fish spawning migrations They

surveyed 148 tributaries in the lower Potomac River

downstream of Great Falls and upstream of Popes Creek

Of these tributaries 40 were confirmed as spawning

streams 83 were deemed probable spawning streams

and 25 appeared to be unsuitable for alosid spawning

runs Barriers to upstream movements were documented

on 138 tributaries as follows stream morphologyimpedimentson 116 streams roadway crossing barriers on 5

streams and dams drop structures or pipeline crossings

on 17 streams Only 10 streams were open their entire

length Beaver dams were not documented in this
survey

because the authors did not consider them to bepermanent
blockages to fish passage

Similar surveys of potential usage of tributaries byanadromous
fishes were conducted in the lower and middle

James River
114126 In the lower James River downstream

from Richmond river herring spawning runs wereconfirmed
in 54 tributaries upstream of river mile 40 and 38

tributaries were classified as probable spawning streams

Seven roadway crossings were considered to beimpediments
to spawning runs Although the middle and upper

James River currently is

blocked to spawning runs a
t

Richmond by five dams2 it was concluded that 463tributaries
in the middle James River drainage could beaccessible
to spawning alosids if they were able to bypass the

series of dams at Richmond126 A total of 222 roadway

crossings were identified on the 463 tributaries but only

seven were deemed impassable to spawning migrants and

seven more were classified as questionably passable

Several projects either have been completed or are in the

planning stages for the construction of fish passage

facilities at dams on the Rappahannock JamesChickahominyand Appomatox rivers in Virginia see AMERICAN

SHAD AND HICKORY SHAD chapter this volume

Impediments to spawning migrations also are viewed as

a major factor which contributed to the decline of alewife

populations in North Carolina145

Erosion
We could find little evidence that would directly implicate

erosion as a factor which contributed to the general

decline of alewife populations in the Chesapeake Bay
Severe floods intensive agriculture urban andcommercial

development stream channelization and roadway

construction in the watersheds of Bay tributaries can

accelerate the erosion of surface soils during stormwater

runoff and increase levels of suspended solids andsiltationrates in water courses Periodic floods are normal

occurrences in alewife spawning and nursery areas that

should not affect stock abundance over the long run

However the turbid water conditions and high flows

associated with the severe flooding caused by tropical

storm Agnes in June 1972 probably contributed to the

decimation of the 1972 year
class of alewife in Maryland141

and in Virginia and altered substrate and depth in many

spawning areas

Fishing Pressure
The recent period of dramatic decline in Chesapeake Bay

landings of river herrings overlaps with the years19671974when foreign fishing fleets heavily exploited herring

stocks off the coasts of Delaware Maryland Virginia and

North Carolina 52158
During these years the total annual

catch of foreign vessels from Bulgaria East Germany

Poland Romania Spain and the USSR averaged 162 x 106

kg
140

In the peak year 1969 total reported landings of

river herring in the foreign fishery were 336 x 106 kg

Foreign fleets harvested primarily fish that were less than

190 mmlong and mostly
immature166 This level of fishing

pressure on subadult river herrings probably was a major

factor which contributed to the decline of alewifepopulations
in the Chesapeake Bay and in other southeastAtlantic

river systems
168166

Since 1977 the foreign fishery for river herrings within the

US Fishery Conservative Zone has been managed as a

result reported landings have declined 14 The annual

allocation of river herring landings to the foreign fishery

between 1977 and 1980 was 05 x 106 kg Since 1981 the

total annual allocation has been limitedto 100 metric tons

01 x 106 kg less than 2 of the total US river herring

harvests in a typical year However because the foreign

trawl fishery and the jointventure fishery for Atlantic

mackerel takes mostly immature river herrings as abycatchthe potential for overharvesting effects on the

stocks still exists Even though foreign fishing pressure on

river herring stocks in offshore waters has been reduced

alewife populations in Chesapeake Bay have notrecoveredThus the continuing fishing pressure from the

offshore foreign and jointventure fleets albeit reduced

coupled with ongoing commercial and sport fisheryharvests
in the Bay and on the spawning grounds may

constitute a significant increment of mortality onimmatureand adult alewife that the populations are currently

illequipped to bear
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BLUEBACK HERRING

Contaminants

Relatively little information exists on the acute and chronic

effects of contaminants on various life history stages of the

blueback herring

Toxicity data were located only for chlorine One study

examined the delterious effects of total residual chlorine

TRC on blueback herring eggs
0

They reported an 80

h LC50 of 033 mgL1 TRC for blueback herring eggsincubated
at 209 in 1 ppt salinity

SUMMARY AND RECOMMENDATIONS

ALEWIFE
The alewife is a relatively small anadromous clupeid that

is distributed along the Atlantic seaboard ofNorth America

from northeastern Newfoundland to South CarolinaAlewife
are most abundant in the northeast and midAtlantic

states In the midAtlantic region alewife occur in New

Jersey Delaware and in virtually all tributaries to the

Chesapeake Bay Landlocked populations occur in many

parts of eastern North America including the Great Lakes

and the Finger Lakes in New York

Two studies examined the effects of TRC on blueback

herring larvae Morgan and Princes
to

compared the effects

of TRC on 24 h and 48 h old larvae exposed for 24 and 48

h at 209°C in 1 ppt salinity No significant differences in

LC50 were observed between age groups or exposure

period For 24 h old larvae exposed for 48 and 54 h LC50

ranged from 024028 mgL TRC LC50 for 48 h old larvae

was between 025032 mgL1 Concentrations of TRC

030 mgL1 increased the percentage of abnormally

developed larvae111 The lengths of larvae at hatch were

reduced 2555 as concentrations of TRC increased

during egg development A single study examined TRC

interactions with juvenile blueback herring Fish held in

fresh water avoided 01 mgL TRC at 175°C132

Nutrients
See the discussion of nutrients in the ALEWIFE section

Parasites and Diseases
Little is known about the parasites or diseases of blueback

herring151 Sumner et al168 listed the acanthoephalan

Echinorhynchusacus as a parasite of blueback herring in

the Woods Hole Massachusetts region Ergasilus

clupeidarum is a gill parasite in southeastern US
waters65 Blueback herring in the St Johns River Florida

were parasitized externally by Lernaea spp184 We could

find no information which would implicate parasites or

diseases as factors which contributed to the generaldeclineof blueback herring populations in Chesapeake Bay

or are preventing stock recovery

Impediments to Spawning Migrations
See the discussion of impediments to spawningmigrations

in the ALEWIFE section

Erosion
See the discussion of erosion in the ALEWIFE section

Fishing Pressure
See the discussion of fishing pressure in the ALEvuE
section

Schools of adult alewife migrate from nearshore coastal

waters to their natal freshwater streams in the spring to

spawn In Chesapeake Bay spawning typically begins in

early to midMarch and extends through April Alewife

tend to favor slowmoving sections of streams above tidal

influences for spawning sites

The juveniles remain in the natal rivers during their first

summer and then migrate downstream during the fall as

water temperatures decrease Many juveniles emigrate to

the sea but some may overwinter in deep estuarine

waters The adults return to freshwater for spawning

primarily at ages IV and V The percentage of repeat

spawners in Chesapeake Bay varies fromyear to year and

can range from 30 to over 70

Alewife and blueback herring are harvested together

generally not distinguished in the records and reported

as alewife or river herrings Commercial landings of river

herrings in the Chesapeake Bay declined dramatically

during the 1970s Recent landings are the lowest ever

recorded Trends in juvenile blueback herring annual

abundance indices are also down in Maryland andVirginia
The decline in alewife abundance during the 1970s was

probably caused b
y an unfortunate mix of several factors

that overlapped in time These factors include at least the

following gradual loss of spawning habitat quantity and

quality overexploitation of subadults and adults in the

offshore foreign fishery between 1967 and 1977 and

decimation of the 1972 year class and alteration of many

spawning areas by tropical storm Agnes Residual effects

of this major hurricane probably still are being felt almost

20 years later Efforts to construct fish passage facilities

around or over large manmade impediments tospawningmigrations and to remove other obstacles natural and

manmade are accelerating The answers to keyquestionsabout why Baywide populations of alewife havent

recovered seem to lie in the areas of fishing pressure

commercial and recreational on prespawning and

spawning adults in the ocean the mainstemBay and

tributaries spawning habitat quality and quantity and

what can be done to regulate and optimize these factors

1019



ALEWIFE AND BLUEBACK HERRING

Given the currently low stock levels for alewife inChesapeakeBay a moratorium on all fishing inside Chesapeake

Bay and strict enforcement of bycatch quotas in the

offshore mackerel fishery seem warranted until the stocks

show clear signs of recovery Acidic deposition may be an

important threat to water quality in many alewifespawningareas Studies designed to evaluate mitigation of

habitat acidification in the spawning and early nursery

areas should continue Efforts to construct fish passage

facilities around or over large manmade impediments to

spawning migrations and to remove other obstacles

natural and manmade should continue to accelerate

The critical life history stages of alewife are the egg

prolarva postlarva and early juvenile The critical life

history period in Chesapeake Bay is March through July

A matrix of habitat requirements for the critical life stages

is presented in Table 1

BLUEBACK HERRING
The blueback herring is a relatively small anadromous

clupeid that is distributed along the Atlantic seaboard of

North America from Cape Breton Nova Scotia to northern

Florida Blueback herring are most numerous in warmer

regions from Chesapeake Bay south In the midAtlantic

region blueback herring occur in virtually all tributaries

to the Chesapeake Bay Delaware River and adjacent

offshore waters

Schools of adult blueback herring migrate from coastal

waters to fresh or brackish areas in the spring to spawn
In the Chesapeake Bay the primary spawning runs begin

in early April in lower Bay tributaries and in late April in

upper Bay tributaries Blueback herring spawn infreshwaterand brackish habitats often near tidewater but also

far upstream in small tributaries

The juveniles remain in the natal rivers during their first

summer and then migrate seaward in the fall in large

numbers when water temperatures decrease to about

15°C The adults first return to freshwater for sawning at

primarily ages IV and V In general repeat spawners

comprise 3040 of the spawning runs in the Chesapeake

Bay system

Blueback herring and alewife are harvested together

generally not distinguished in the records and reported

as alewife or river herrings Reported commercial landings

of river herrings in Chesapeake Bay declined dramatically

during the 1970s Recent landings are the lowest ever

recorded Trends in juvenile blueback herring annual

abundance indices are also down in Maryland andVirginia
The decline in blueback herring abundance during the

1970s probably was caused by an unfortunate mix of

several factors that overlapped in time These factors

include at least the following gradual loss of spawning

habitat quantity and quality overexploitation of subadults

and adults in the offshore foreign fishery between 1967

and 1977 and decimation of the 1972 year class and

alteration of many spawning areas by tropical storm

Agnes Residual effects of this major hurricane areprobablystill being felt almost 20
years

later The answers to key

questions about why Baywide populations of blueback

herring havent recovered seem to lie in the areas of

fishing pressure commercial and recreational onprespawningand spawning adults in the ocean the

mainstemBay and tributaries spawning habitat quality

and quantity and what can be done to regulate and

optimize these factors

Given the currently low stock levels for blueback herring

in Chesapeake Bay a moratorium on all fishing inside

Chesapeake Bay and strict enforcement of bycatch

quotas in the offshore mackerel fishery seem warranted

until the stocks show clear signs of recovery Acidicdepositionmay be an important threat to water quality in

many blueback herring spawning areas Studies designed

to evaluate the mitigation of habitat acidification in the

spawning and early nursery areas should continue Efforts

to construct fish passage facilities around or over large

manmade impediments to spawning migrations and to

remove other obstacles natural and manmade should

continue to accelerate

The critical life history stages of blueback herring are the

egg prolarva postlarva and early juvenile The critical

life history period in Chesapeake Bay is April through July

A matrix of habitat requirements for the critical life
stages

is presented in Table 2
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Table 1 Habitat requirements for the critical early life history stages of alewife Alosa pseudoharengus

Life Zone Temperature Salinity Dissolved pH Hardness Alkalinity Suspended Current

Stage °C Oxygen mgL1 CaCO3 mgL1 CaCO3 Solids Velocity

mgL1 mgL
1 cm s1

egg Substrate 1128 NIFa > 50 5085 < 1000

and water suitable suitable suitable suitable suitable

column 1621 02 NIF NIF NIF NIF NIF NIF

optimum optimum optimum optimum optimum

prolarva water 831 NIF > 50 5585
column suitable suitable suitable suitable NIF NIF NIF NIF

1524 03 NIF NIF

optimum optimum optimum optimum

postlarva water 1428 NIF > 50

column suitable suitable suitable NIF NIF NIF NIF NIF

2026 05 NIF

optimum optimum optimum

early water 1028 NIF > 36

juvenile column suitable suitable suitable NIF NIF NIF NIF NIF

and near 1724 05 NIF

substrate preferred optimum optimum

a
NIF means no information found

Table 2 Habitat requirements for the critical early life history stages of blueback herring Alosa aestivalis

Life Zone Temperature Salinity Dissolved pH Hardness Alkalinity Suspended Current

Stage °C Oxygen mgL1 CaCO3 mgL71 CaCO3 Solids Velocity

mgL1 mgL 1 cm s 1

egg Substrate 1426 022 NIF 5785 < 1000

and water suitable suitable suitable suitable suitable

column 2024 02 NIF 6080 NIF NIF NIF NIF

optimum optimum optimum optimum optimum

prolarva water 1426 022 > 50 6285 < 500

column suitable suitable suitable suitable suitable

NlFa NIF NIF 6580 NIF NIF NIF NIF

optimum optimum optimum optimum optimum

postlarva water 1428 022 > 50

column suitable suitable suitable

NIF NIF NIF NIF NIF NIF NIF NIF

optimum optimum optimum

early water 1030 028 > 40

juvenile column suitable suitable suitable

and near 2028 05 NIF NIF NIF NIF NIF NIF

substrate preferred optimum optimum

a NIF means no information found
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Spot
is and has been one of the most abundantdemersalfish species in Chesapeake Bay Although it

doesnt support a major fishery in the Bay spot is a

key species in the trophic dynamics of the Chesapeake as a

primary regulator of segments of benthic invertebratecommunitiesand as a prey species

Environmental degradation has been welldocumented in

the Chesapeake Bay Declines in stocks of several species

have been related to increased sedimentation introduction

of toxic materials and nutrient enrichment Yet under

these conditions spot remainquite abundant and provide continuity in the detritusbased food chain of the

Chesapeake

Although spot is an extremelyabundant and wideranging species little is known of factors contributing to

its stockrecruitment dynamics Given its ecological importance more effort should be made to understand

what contributes to spots success and what may be done to assure its continued high level of abundance

INTRODUCTION

Spot is the most abundant of the croaker family

Sciaenidae in Chesapeake Bay Although a relatively

small fish spot supports a commercial fishery particularly

in the lower Bay Readily caught on hook and line spot

is the species most frequently caught recreationally in

many areas of the Chesapeake during the summer and

early fall

Although the dollar value of the spot fishery in the Bay

pales when compared to other species such as striped

bass blue crabs and the eastern oyster the importance

of spot to the economy and ecology of the Chesapeake

Bay is quite significant Spot enhances the viability of Bay

fisheries generally as it provides a readily availablealternative
to fishermen unsuccessful in the pursuit of more

desirable species More importantly spot is one of the

major regulators of benthic invertebrate communities in

the Chesapeake an important forage species and quite

tolerant of poor water quality conditions

Spot abundance in the Bay appears to have increased in

recent years and is currently at a fairly high levelHoweveras spot are relatively shortlived and their year class

success appears to be largely controlled by environmental

conditions which occur outside the Bay few remedial

measures are available to resource managers forenhancing
or maintaining spot populations Perhaps the most

important of these measures would be increasing summer
dissolved oxygen Although spot are fairly tolerant of low

oxygen hypoxia may have severe effects on spot food

resources

BACKGROUND

Nomenclature Taxonomy and General

Range
Spot is one of 13 species of sciaenids reported from the

Chesapeake Bay area60 Although spot is the accepted

common name this species is also known by thefollowingcommon names Norfolk spot Lafayette spot croaker
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jimmypost croaker chub goody Cape May goody silver

gudgeon chopa blanca roach and oldwife2242

Spot range fromMassachusetts Bay south along theAtlanticOcean to Florida and into the Gulf of Mexico as far

south as the Bay of Campeche60 There is one report of

spot occurring in the Gulf of Maine8 and another from

Martinique22 This species is found in a variety of habitats

from marine to estuarine to brackish and may be found

indepths of less than one meter to depths in excess of 130

m60 In Chesapeake Bay spot have been collected from

all its tributaries and in the mainstem from Capes Henry

and Charles to the Elk River1725102105 They occurprimarilyin brackish to high salinity waters but also have been

found in freshwater areas They have been taken from all

depth zones and over most bottom types536073

Morphology
Adults

Mature spot are readily discernible from other fish species

by the combination of a relatively deep shortcompressedbody a short head with a small inferior mouth
and a large black shoulder spot60 Other distinguishing

characteristics are an absence of teeth from the lower jaw
a long pectoral fin extending beyond the tip of the pelvic

fin and a strongly notched but continuous dorsal fin

Meristic counts for all stages may be found in Johnson60

Juveniles

At 50 mm standard length SL spot have virtually all of

the characteristics body shape meristics andpigmentation
of adult spot Smaller juveniles 2049 mm SL have a

full complement of dorsal spines and
rays they have

various pigmentation patterns and may be distinguished

from other juvenile sciaenids by a concave caudal fin and

the presence of relatively small opercular spines or else

are indistinguishable

Larvae and eggs

Spot larvae have been described in some detail42436o A

description of spot eggs has been reported from alaboratory
study95

Distribution
The general distribution of spot in Chesapeake Bay was

described above25 In this section areas of concentration

are discussed

Adults
Mature spot >140 mm SL are found in Chesapeake Bay

from April or May through late fall6o Map Appendix

decreasing temperatures apparently trigger seaward

migration 8
7 Adult spot distribution in the Bay is not well

documented but the majority of larger spot are taken in

Virginia waters and in Tangier Sound Mature spot also are

found during the summer as far north as the Elk River105

Recreational fishing for spot appears to be concentrated

in river mouths and passages to embayments

Juveniles
The distribution of juvenile spot 20140 mm SL has been

well documented and is featured in the Map Appendix

Immature spot with the exception of occasionaloverwinteringindividuals initially are found in the Bay during

April or May concentrating in Virginia waters andMarylandslower Bay south of the Patuxent River including

Tangier Sound As the summer progresses young spot

move further up the mainstem of the Bay and into its

tributaries By July juvenile spot are found from the Elk

River south to Capes Henry and Charles and in most Bay

tributaries During the fall juvenile spot distribution is

nearly as extensive as during the summer but a seaward

movement is evident During most winters immature spot

are absent from the Bay but during moderate winters

some juvenile spot are known to overwinter in deep

trenches of the Bays mainstem 1735105

Larvae

Spot eggs hatch in relatively deep coastal waters during

the late fall and winter By the time larval spot reach

inshore areas they are nearing the juvenile stage Some

spot larvae have been collected in the southern portion of

Chesapeake Bay92 but those that do reach the Bay as

larvae rapidly enter the juvenile stage

Eggs
Spot eggs have not yet been collected or recognized

fromfield studies they would not be expected to be found

anywhere in Chesapeake Bay

Population Status and Trends
There are few reliable long term data on the abundance

of spot in Chesapeake Bay But several sources pieced

together indicate a sharp increase in spot abundance

during the early to mid1970s compared to thepreceeding1520 years
495356102142143

Although there wereindications
of a decline in the mid 1980s spot continue to

be relatively abundant and one of the dominantChesapeakeBay demersal fish species17105 Commercial catch

records can be misleading because changes in gear tax

laws and other factors mean that effort does not always

reflect availability But catch records do offer a gross

indication of longterm fluctuations in the abundance of

spot Since 1929 spot commercial landings in the Bay

have averaged about 24 million pounds per year Periods

of high spot abundance occurred during the mid1940s
until 1960 and during the late 1960s continuingsporadicallythrough the late 1970s Table 1 Recent landings

198789 have been near or above the overall average

Because spot are shortlived oceanic spawnersyearclass
strength is variable and difficult to predict There is

little evidence of stockrecruitment dependence in spot
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populations101122 although there has been limitedpredictive
success with a 2year lagged stock parentprogeny

model describing recruitment in North Carolina67 Long

and short term climatological conditions may be most

responsible for fluctuations of spot populations High

mortality has been associated with certain temperature

ranges occurrence of freshets wind conditions during

spawning and changes in oceanic
conditions43617483139140

Commercial and Recreational Importance
Spot has never been a particularly valuable commercial

species in the Chesapeake region Most are landed as

bycatch although there is a pound net fishery for spot in

the lower Bay Commercial landings peaked during 1949

at just over 8 million pounds Table 1 but even this

record catch generated only about $500000 Although on

occasion spot commercial landings have been valued in

excess of $1 million most recently in 1989 the dollar

value of the spot commercial fishery ranks well below that

of other fisheries such as striped bass Atlantic menhaden

blue crabs and the eastern oyster

of spot spawning activity are not known nor is the drift

pattern of spot eggs Embryonic development istemperature
dependent and

ranges from 22 hours at 27°C to 96

hours at 15°C with upper and lower lethal hatchingtemperaturesof 28°C and 14°C40 Embryonic phasedevelopmenthas been described in lengthy detail elsewhere95

Larvae 15200 mm SL

Spot hatch at 1517 mm in relatively deep warm 190°C

minimum waters during the late fall and winter Larvae

migrate or are transported inshore and reach North

Carolina estuaries about 24 months after hatching at

about 13 mm SL68136In Chesapeake Bay larval spot 1522

mm fork length FL have been collected as early as April

in the southern portion of the Bay86

Larval spot grow rapidly in the warm offshore waters

approximately 7 per day coincident with the winter

plankton peak but growth slows as they move to cooler

inshore and estuarine areas129136 This movement into

colder water may be a particularly critical point in spot

year class success as there are indications of larval spot

thermal stress at temperatures
of 10°C or less58

Since records have been kept recreational landings of

spot have far exceeded commercial catches Table 1
although in many areas spot is a marginal recreational

species In Maryland spot are not often sought but are

caught when fishermen are seeking other species141 In

Virginia larger spot are more abundant than in theMaryland
portion of the Bay and are often a recreationally

targeted species

LIFE HISTORY

Spawning
Spot have a rather lengthy spawning period from late

September through March with peak activity in themidAtlantic
region reportedly occurring during December

and January
620

Spawning occurs in moderately deep

areas along the western Atlantic continental shelf from

North Carolina to northern Florida although this range

may extend northward to Delaware Maryland andVirginiaduring certain years2997113 Fertilization is external

and reportedly takes place at night primarily in surface

waters41

Development

Eggs
Ova maturation in spot has not been described although

it is known that an individual females ovaries may contain

several developmental stages of eggs Fecundity has been

estimated to range
from about 70000 to 130000 eggs for

200 mm SL spot2299

Fertilized spot eggs are buoyant and have been described

as pelagic but have not as yet been collected orrecognizedfrom field studies Accordingly specific locations

Larval spot growth has been described from day 11

through day 98 posthatchi36 with growth rate estimates

ranging from 01031 mm d199114 depending on

temperature and salinity Larval spot mortality rates have

not been reported although starvation temperature and

predation have been suggested as primary causes ofmortality5894140

Juveniles 20140 mm SL

The range given here for the juvenile stage is based on

minimum sizes at which a full complement of spines and

rays are present 20 mm and at which sexual maturity is

reached 140 mm2260127

Because of the protracted spawning period of spot and

subsequent multiple juvenile cohorts the growth rate of

zero year class fish is difficult to estimate In addition

because juvenile spot occur in a variety of habitats and

under a wide range
of environmental conditions spot

growth rates may differ substantially within a region86 In

general spot reach a length of about 112 mm SL by the

end of their first year
178182123 with a range

of about

60150 mm SL1699 By the end of their second year spot

average about 190 mm SL Juvenile spot also appear to

have a relatively short growing season from April or May

through September or October 5499105140

Juvenile instantaneous coefficients of mortality have been

estimated to be between 002 and 006 2199140 These

estimates predict annual mortality of juvenile spot as high

as 90 caused principally by predation and low water

temperatures Massive winter kills have been reported in

Chesapeake Bay and elsewhere 1223143
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Adults > 141 mm SL

Spot reach sexual maturity near the end of their second

year or early in their third year
128182 Size at maturity

appears to be quite variable with minimum lengths

reported in the range of 135179 mm SL9242

As with juvenile spot adult growth is difficult to estimate

Between the second and third years spot growthapproachesa 40 mm SL increment and from the third to

fourth years about 25 mm460112
Spot older than age class

III apparently rarely are caught in Chesapeake Bay99

Adult
spot

annual mortality has been estimated to be

about 80 of the population86

ECOLOGICAL ROLE

Throughout most of their range including Chesapeake

Bay spot repeatedly have been referred to as among the

most abundant demersal fish species during the late

spring and through the late fall 1155566588127 Their high

densities along with their high rate of growth suggest that

spot have a large impact on their prey populations and are

an important food source for other species

Food Habits

Larvae
Larval spot are planktivorous and feed primarily during

daylight hours3393 Because movement of both larval spot

and their prey is controlled largely by currents thecoincidenceof larval and plankton patches appears to be

critical in the growth and survival of spot
larvae3464

Juveniles and Adults

Spot are obligate bottom feeders welladaptedmorphologicallyto scoop and strain organisms from substrates

These adaptations a short snout inferior mouth aprotrusible
premaxilla gill

rakers structured and configured

efficiently for straining small organisms and a largenumberof nasal laminae indicate an animal that feedsindiscriminatelyon benthic infauna using odor to locate

patches of prey organisms
1652104

Spot appear to benonperiodicfeeders with evidence that feeding is either

continuous or that feeding episodes occur frequently5293

Throughout their ranges spot feed primarilyon copepods

as small juveniles polychaetes and small
molluscs1242642444565119

They also show a preference for

feeding over muddy sediments a bottom type for which

spot are particularly well adapted916104116 SeveralChesapeakeBay studies of spot food habits are summarized in

Table 2 These studies indicate the importance of small

benthic infaunal invertebrates in the diet of spot and the

low percentage of empty stomachs

Pmdation
Predatorprey interactions appear to be extremelysignificant

to juvenile spot In Chesapeake Bay there is a

general often sharp decline in benthic macroinvertebrate

stocks during midsummer4648 This decline occursshortlybefore the end of the growth period of juvenile spot

beginning during the period of greatest juvenile spot

abundance

Little is known about natural predators of adult spot

Striped bass the silky shark weakfish and bluefish have

been reported as predators of large spot
125151

It has been

speculated that adult mortality is quite high after the

spawning run8690

A number of studies have concluded that fish can have

significant effects on the density of preypopulations3306391146and in particular that spot predation may
control the density of a number of benthic invertebrate

species2754132 During several caging experiments spot

were found to have significant impact on densities of

epibenthic copepods27 and on a number of species of

polychaetes and small bivalves 132133 Studies of benthic

invertebrate densities predator exclusion experiments in

the midChesapeake Bay area4648 and concurrent studies

of spot abundance42 growth and food habits52 indicated

that 100 of the MaySeptember decline in polychaete

densities and about 68 of the decline in small bivalve

densities were attributable to spot predation Spot have

been characterized as the major regulators of a large

component of the midChesapeake Bay benthicinvertebrate
community54

In addition to regulating the abundance of numerous prey

species spot may play a large role in determining the

structure and microdistribution of benthic communities

and in the resuspension of surface sediment materials

Several studies 21114133 have shown benthic invertebrate

community structure species composition anddominanceto be greatly influenced by spot predation

Where spot are present in large numbers the benthic

community may have few nonburrowing species or

those nonburrowing species present are minorcomponentsof the benthic community 49132133
Spot predation

affects the distribution of organisms within the substrate

Burrowing invertebrates have been shown to migrate

vertically to avoid the shallower sediment layers where

spot feed27 One study9 estimated that the entire upper 2

mm of sediment within
spot feeding areas would be

turned over once every 120 days It is not known how this

bioturbation affects the movement of materials insediments
aeration of sediments or the feeding behavior of

other benthic predators but given the great abundance of

spot throughout much of their range their impact must be

substantial

The importance of spot as prey for other species has not

been well documented Although a number of studies

have listed spot as prey of other fish species theirener114
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getic contribution to these predators is not known Spot

larvae have been reported in the diets of silversides and

the striped killfish140 and as probable prey ofchaetognaths19
Spot juveniles have been reported to be eaten by

numerous fish species including weakfish bluefish

striped bass white perch Atlantic croaker silver perch

summer flounder American eel brown bullhead white

and channel catfish and oyster toadfish71351527177120124

It has been suggested that predation may be the most

important factor in limiting juvenile spot productionparticularlyin the more saline areas
21 However theimportanceof spot as prey has not been documented as yet nor

has the role of predators in regulating spot populations

HABITAT REQUIREMENTS

Spot is an extremely adaptable species as indicated by its

extensive geographical range and the variety of habitats

in which it is found Thus it is not surprising that spot are

tolerant of wide ranges of environmental factors and

show little preference for specific habitats with theexceptionof substrate There are however some factors in

Chesapeake Bay which may affect spot yearclass success

in the Bays tributaries and in the upper Bay and could

affect spot year class success by reducing available prey

resources thus increasing predation on spot21140

Dissolved oxygen
Spot appear to be fairly tolerant of low dissolved oxygen

DO they have been found on occasion in areas of less

than 20 mgL1 151°5126
In general however they are most

abundant where DO exceeds 40 mgL1 1673105
Severe

hypoxia which occurs regularly in deeper areas of the

Bay may somewhat restrict spot distribution but
spot

feed primarily on organisms found in depths of less than

10 m4748 Most of the prey species of spot are not tolerant

of low DO < 20 mgL1131 therefore spot abundance may
be affected by low DO in their feeding grounds

Suspended and deposited sediments

Spot are extremely tolerant of high levels of suspended
and deposited sediments115128 and in fact a positive

relationship between
spot abundance and dredgingactivityhas been reported122 This may be related to feeding

behavior as spot have shown a preference for muddy
sediments and are welladapted for feeding in such

habitats 16104116

Water Quality
Preferred and overall ranges and upper and lower critical

values of temperature salinity dissolved oxygen and

suspended sediments for post larval and juvenile spot in

the Chesapeake Bay are given in Table 3

Temperature
Spot rarely encounter temperatures in Chesapeake Bay

near or above their critical thermal limit 31°C However

temperatures near or below their lower thermal limit

45°C are not uncommon in the Bay during the winter

months Juvenile spot overwintering because of a mild

early winter are susceptible to sudden decreases in water

temperature as evidenced by reports of massive winter

fish kills in the Bay99 Since those
spot that overwinter

appear to be a second smaller cohort ofyoung of the year

year class success could be affected by winterconditions235699105
Outside the Bay temperature affects larval

survival and within the Bay it may affect juvenile growth

and mortality through its impact on prey species
439699144

Salinity and freshwater runoff
Spot are tolerant of a wide

range of salinities having been

found in fresh water and in hypersaline 60 ppt areas

Table 3 It has been suggested that fluctuations in salinity

rather than actual salt concentrations control the local

distribution of spot92 However spot appear to bewelladaptedto tolerate extreme salinity changes soenvironmentalfactors associated with salinity fluctuationsresultingfrom freshwater runoff such as higher turbidity

herbicides and pesticides may have more influence on

spot distribution than actual changes in salinity80 These

adverse conditions could limit the range of juvenile spot

Perhaps it is no coincidence that the relatively recent

increase in spot abundance in the Chesapeake Bayoccurred
shortly after tropical storm Agnes tore through the

Bay in June 1972 Agnes discharged massive amounts of

suspended sediments from flooded rivers into the Bay110

During a 10day period the major feeder of fresh water

into the Chesapeake the Susquehanna River discharged

more sediment into the Bay than it normallydoes in 3060
years Discharge from the river systems also caused

extended periods of lower than normal salinities in much
of the Bay and the combination of fresh water and organic

loading produced zones of low DO31° These conditions

had a profound effect on benthic invertebratecommunitiesin the Bay particularly in polyhaline areas10 The

combination of widespread changes of bottom type and

subsequent changes in the benthic invertebratecommunitiesmay have been largely responsible for therelativelyrecent increase in spot abundance in the Bay

Structural Habitat
Habitat preferenda and general and preferred ranges of

depth and substrate for Chesapeake Bay postlarval and

juvenile spot are given in Table 3

Depth
Although occurring in all depths of the Bay spot tend to

be most concentrated in the 610 m zone in the mainstem

and in sounds and in 36 m depths in tributaries except

during fall months 5354105

It is probable that spotdistribution
by depth is

related primarily to food sources as these

zones support large benthic invertebratecommunities4647
During moderate winters juvenile spot seek out
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deep trenches or holes where temperatures may remain

above their lower lethal thermal limit

Substrate

Spot appear to prefer mud or mudsand mixtures ofsediments
Table 3As with depth prey abundanceapparentlycontrols the distribution of spot with respect tosubstrate

Spot feed most easily and efficiently in soft

substrates They rarely are found over or in submerged

structures

SPECIAL PROBLEMS

Contaminants
The developmental stages of spot are not directly exposed

to toxicants in the Bay However indirect exposure

through waterborne materials consumption ofcontaminated
prey or the legacy of adult spot exposed to

contaminants in the Bay could affect fecundity or early

development of the offspring Apparently there have

been no studies of these secondary effects

The toxicities of a variety of inorganic and organiccompoundsto various life stages of spot mostly juveniles and

adults have been measured Table 4 Some insecticides

eg dieldrin endrin endosulfan toxaphene are lethal

to juvenile spot at very low concentrations

Chlorine total residual TRC causes effects in juvenile

spot ranging from avoidance > 30 µgL198 to 100mortalityin 96 h > 160 µgL15 Apparently the lethalthreshhold
for juvenile spot in relatively short term exposures to

TRC is somewhat greater than 40 µgL1577

Spot have been exposed to contaminated sediments from

Baltimore Harbor and the Elizabeth River undercontrolledconditions37128 Suspensions of Baltimore Harbor

sediments with high concentrations of metals hexane

extracts nonpolar organic contaminants andpolychlorinated
biphenyls PCB had TLm values for spot at

concentrations of 006 2912 µgL or 60 to 01 of the

TLm for clean sediments128 Elizabeth River sediments

with PAH concentrations of 25003900 mg kg dry weight

caused severe sublethal effects and mortality in spot37

Spot captured in the Elizabeth River had markedreductions
in macrophage phagocytosis a cellular disease

defense mechanism which were reversible after several

weeks in clean water38 Exposure to contaminatedsediments

is of particular concern for spot in Chesapeake Bay
because of their feeding habits and preference for areas

with finegrained sediments Their benthic prey also can

concentrate contaminants from sediment Theseconsiderations
suggest spot as an important species formonitoringtissue concentrations of persistent pollutants such

as PCB and PAH

Diseases
No reports concerning diseases of Chesapeake Bay spot

could be found in the literature nor have mass mortalities

of spot been attributed to disease However both of us

have observed tumors in the body cavities of
spot on a

number of occasions in addition various morphological

deformities perhaps diseaserelated have beenreported99
Spot are vulnerable to only one parasite anacanthocephalana wormlike animal to any significantdegree5970137This parasite which has been reported to

infect as much as 75 of the spot population85 apparently

does not have any particular effect on its host59 Other

common Chesapeake Bay fish parasites
such as isopods

copepods and trematodes have been found only rarely

to affect spot
226670125134

RECOMMENDATIONS

1 Research should be conducted on spotstockrecruitment
dynamics predatorprey relationships withemphasison spot as prey and the development of an annual

recruitment index

2 Spot should be included as one of the many species

that could benefit from reduced hypoxia during summer

in Chesapeake Bay

3 Spot overwintering grounds and the work being done

to preserve these areas need to be documented

4 Finally the potential of spot
commercial andrecreationalfisheries should be estimated

CONCLUSIONS

Spot are and have periodically been among the most

abundant demersal fish species in Chesapeake Bay Of all

the marineestuarine fish species spot has the mostextensive
Chesapeake Bay distribution Spot are one of the

major regulators of benthic invertebrate communities

particularly in the muddy shallower < 10 m zones of

Chesapeake Bay The abundance extensive distribution

small size and relatively high rate of growth of spot

suggest a species of intrinsic importance in thepredatorpreydynamics of Chesapeake Bay Spot may indeed be a

foundation species

Spot are highly tolerant of a wide range of water quality

and habitat conditions This adaptability in combination

with r selected characteristics that is spot areshortlivedand have high rates of reproduction and growth

has produced an opportunistic species one that can take

advantage of conditions that result in declines of other fish

species During periods of chronic stress spot are able to

maintain important trophic links in Chesapeake Bay
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Although not as important to the bay economically as

striped bass blue crabs and oysters spot do support a

small commercial fishery particularly in the lower Bay

Spot generally are not considered a prized catch but their

great abundance and catchability allow recreationalfisherman
to fill their coolers when other more desirable

species elude them

The key question is this because
spot are a critical Bay

species how can we assure their continued abundance

The question presents a dilemma to Chesapeake Bay

fishery and resource managers Fundamental to fishery

management is the understanding of stockrecruitment

relationships that is what factors most influence
year

class success Currently little is known about spotstockrecruitment
dynamics This lack of knowledge the

species high degree of tolerance and the possibility that

their most critical lifestage occurs outside the boundaries

of Chesapeake Bay have combined to deflectmanagement
attention from spot Given the ecologicalimportanceof spot however the species and its fishery need to

be better understood
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Table 1 Chesapeake Bay landings of spot millions of pounds = greater than overall mean of 245

Year Commercial Year Commercial Recreational130

1929 085 1958 505

1930 165 1959 370
1931 065 1960 420

1932 080 1961 115

1933 055 1962 235

1934 170 1963 145

1935 030 1964 320

1936 095 1965 175

1937 200 1966 105

1938 320 1967 315

1939 250 1968 115

1940 185 1969 100

1941 155 1970 605

1942 055 1971 055

1943 1972 295

1944 020 1973 235

1945 025 1974 215

1946 400 1975 150

1947 445 1976 105

1948 395 1977 165

1949 815 1978 285

1950 460 1979 240 505

1951 490 1980 185 860

1952 595 1981 105 1050

1953 395 1982 100 560

1954 445 1983 170 1075

1955 400 1984 080 555

1956 320 1985 155 605

1957 345 1986 195 780

1987 40 775

1988 26 275

1989 550
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Table 2 Summary of spot stomach contents from selected Chesapeake Bay studies Major prey items are listed

Location Calvert Cliffs

Maryland56

Patuxent River

Maryland55

Calvert Cliffs

Maryland52

Eastern Bay

Maryland13

Spot size range 60230 mm TL 50220 mm SL 20154 mm SL 25135 mm
Empty 50 97 51

Prey Items

Occurrence Weight Weight Weight

polychaetes 65 9 83 3068
molluscs 42 49 10 04
mysidgrass

shrimp

18 3 1 90

detritus 15 85
amphipods 9 2 2 35
copepods 9 34 2 10
isopods 8 0 1 00
bryozoans 0 0 0 200
a

First value

is

from vegetated area 2nd value from nonvegetated area
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Table 3 Upper and lower critical values and general and preferred ranges of temperature salinity and dissolved

oxygen for postlarval and juvenile spot in Chesapeake Bay na = not available nap = not applicable

Preferred Lower limit Upper limit Range Reference

TEMPERATURE °C
620 88

18 76

25 75144

45 43

5 22

31 57

35 45

38 32

1237 3288

SALINITY ppt
nonea na 1862105

<2 101

060 3960

DISSOLVED OXYGEN mgL
> 20 nap 105

> 50 84

04 ml L 126

07 15

0413 10584

SUSPENDED OR
DEPOSITED SEDIMENTS gL

nap nap 880b 115

506° 128

DEPTH m
0515d nap 5460105119

seasonale 105

0537 3554105
SUBSTRATE

mud 2254116122
mudsand 105117141

mudsandf 135460116

a No strong preference small juveniles tend to prefer low salinities whereas larger fish show no preference
b

24 h LC5o Patuxent River silt

°
24 h TLM fullers earth

d
variable

e warm months to about 20 m
f

most commonly found over mud and over sand not associated with shell rubble or submerged aquatic vegetation
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Table 4

Substance

Acute toxicity of selected toxicants to various life stages of spot Life stage E = eggs L = larvae J =

juveniles A= adults NR = not reported Where salinity is not given tests were conducted in saline water

Life stage Salinity Temperature Effect

ppt °C

INORGANIC

bromate J 51 201

bromine tot res J 20 29324
bromine chloride J 20 1928

cadmium L 1619 1522

L 1720 1720

A 15 22

A 15 22

chlorine TRC J 2024 10

J 2024 15

NR 14216

33115 mm 38 1626

J 1922 1520

J 1922 10

J 20 29324
J 2024 15

copper E 17

E 17

mercuric chloride A 20 26

nickel chloride A 21 26

potassium dichromate A 21 26

ORGANIC

acephate A 20 25

aldicarb A 20 25

aldrin J 28 24

ametryn J 29 28

anilazine J 23 29

antimycin A J 28 25

atrazine J 29 28

NR 12 22

azinphosmethyl J 21 21

bensulide A 21 25

bromacil J 18 13

carbophenothion A 20 25

A 24 26

chlordecone J 26 22

chlordecone A 18 25

chloropropylate J 26 14

chlorothalonil J 22 11

DDE J 26 12

DEF J 26 27

A 20 25

J 20 26

demeton J 27 26

diamidfos J 29 30

dicamba J 29 30

dichlofluanid J 29 13

dichlorvos J 25 28

dieldrin J 25 12

in acetone
11

J

J

10 d LC5o

no mort 19 d
96 h LC50

stressa

48 h LC50

sublethal

incipient LC50

incipient LC50

24 h TLm

96 h TLm

100 mort 96 h
0mort 8 d
avoidance

11

mortality 20 d
gill damage 95 min
50 mort 24 h
hatch reduced 4 d
96 h LC5o

96 h LC5o

48 h LC5o
11

11

96 h LC5o

48 h LC5o
11

11

96 h LC5o

48 h LC5o

96 h LC5o

48 h LC5o
11

11

96 h LC5o
11

48 h LC5o

24 h LC5o

sublethal 4 d
none

Concentration

pgL

278600

2081

220

31

500

35000

10000

120

60

140

90

> 160

< 40

30300

50

180

1462

1570

101b

253b

36

70000

27000

>100000

200

32
>1000

85
023

>1000

8500

28

320

>1000

500

>210

130

66
320

32

>100

240

150

130

320

>1000

>1000

32

320

32
135

0135

Reference

100

69

103

79

29

38

78

578

97

69

78

28

50

31

14

31

135

31

89

1118
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Substance Life stage Salinity

ppt

Temperature

°C

Effect Concentration Reference

pgL

dimetilan J 25 12 48 h LC50 >1000 31

endothall Aquathol plus J 28 27 11 >1000

endrin J 24 12
11 03

J 23 17 24 h LC5o 045 72

endosulfan in acetone

J sublethal 8 mo <005

Thiodantm A 18 25 96 h LC5o 009 108

EPN A 23 24 11 26 31

ethion J 31 27 48 h LC5o 70

ethoprop A 20 25 96 h LC50 33

fenac sodium salt J 23 13 48 h LC50 >1000

fenthion J 23 19 1200

fenuron J 20 25 >1000

fonofos J 28 24 11 240

heptachlor in acetone J 20 25 100 mort 6 d 255 107

65 in acetone J 2021 2326 96 h LC5o 085 106

998 in acetone

hexachiorocycloJ
2022 245255 11 086

pentadiene A 24 25
11

37 31

isobenzan J 22 13 48 h LC5o 032

kepone in food J 17718 2328 sublethal 4 wk 33lag g
1 118

J 203218 1623 sublethal 56 d 03059
lug g

1

in acetone J 18 25 96 h LC5o 66 109

leptophos J 23 22 41 31

lindane J 23 15 48 h LC5o 23

malathion J 24 19 320

J 2527 2329 sublethalc 182 d 10

methidathion J 25 12 48 h LC50 32

methoxychlor J 26 22 23

methyl parathion A 12 22 96 h LC5o 59

mirex J 27 22 48 h LC5o >2000

molinate J 20 25
11 >1000

naled J 20 20 240

neburon J 20 25 320

nitrapyrin J 20 16
11 >1000

parathion J 22 14
11

18

Pentron D90tm J 68 25 no mort 96 h 5000 14

phorate A 18 25 96 h LC50 39 31

phosphamidon J 29 23 48 h LC5o >1000

phoxim J 29 29
11 28

prometryn J 29 29
11 >1000

ronnel

silvex propylene glycol

J 24 13 320

butylether ester Kurontm J 20 16 360

245T propylene glycol

butylether ester J 20 16 320

temephos J 23 23
11 >1000

terpene polychlorinates J 27 25
11 32

tetrachlorvinphos J 25 17
11 >1000

tetrasul J 29 16 >1000

thanite J 22 14 32

toxaphene J 25 12 32

in acetone J 3235 18 96hLC50 092 36

degraded J 110

a
Critical thermal maximum and resistance to low dissolved oxygen decreased after 96 h preexposure to 500 µgL1 cadmium

b
Measured as cupric ion activity

°
No significant

differences

in growth or mortality Brain cholinesterase reversibly reduced

in experimental groups
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bite perch a semianadromous species and one of

the most abundant fish in Chesapeake Bay spendsWits
entire life in the Bay and its tidal tributaries

White perch migrate to tidal fresh and slightly brackish

waters each spring to spawn After spawning adults move
downstream to more brackish areas summermovements
are local and random White perch overwinter in thedownstream

portions of the tributaries and deeper saline waters

throughout the Bay usually at depths greater than 612 meters in areas with salinities in the teens White

perch support commercial and recreational fisheries in Maryland and Virginia From 19801985 Maryland
commercial catches ranked from second to fourth both in pounds landed and in dollar value Recreational

catches exceed commercial catches in some years

White perch concentrate in areas with dissolved oxygen concentrations DO of at least 6 mgL1 Increasing
bottom DO in summermonths to at least 5 mg in the oligohaline and mesohaline portions of the Bay will

increase suitable habitat for white perch Growth rates and longevity of white perch stocks withinChesapeakeBay may vary widely A realistic white perch fishery management plan must be based on stockspecific

growth and mortality rates

INTRODUCTION

White perch is one of the most abundant fish inChesapeakeBay The species was second in abundance in the

Choptank and Patuxent Rivers and third in the upper Bay

in recent intensive surveys73 Although closely related to

striped bass they are in the same familyPercichthyidae

and the same genus adult white perch are quite distinct

in appearance behavior and seasonal distribution They

are smaller than striped bass and lack their distinctive

stripes Adult white perch typically range in size from

165190 mm 6575 inches although they can reach 300

mm12 inches in length Their weight rarely exceeds 05

kg 11 lb Most males mature by two years of age most

females by three years and few of either sex live beyond

nine or ten years White perch tend to inhabit open waters

close to shore and deeper channel areas where they

overwinter but they also frequent quiet streams well up
into the tributaries They are bottomoriented fish and

adults are rapacious predators on all forage species40

White perch support important commercial andrecreationalfisheries in Maryland and Virginia because ofseveral
characteristics which are unique among the important

anadromous and semianadromous
species in the Bay

Richkus and Stroups70 comments were limited toMarylandbut could apply equally to Virginia White perch are

present and available for harvest in Maryland waters

during all seasons of the year they are a very desirable

food species and they are found throughout the Maryland

portion of the Bay Unlike other anadromous species

whose population levels can be influenced byexploitation
in and environmental degradation of nonMaryland

waters population fluctuations of white perch are a result

solely of factors operating within Maryland Thus stock

levels can be responsive to management actions taken

solely in Maryland70

Commercial landings of white perch in Marylandexceededtwo million pounds in 1966 1968 1969 and 1971

From 1980 to 1985 white perch ranked from second to
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fourth both in pounds landed and in dollar value among
Maryland commercial catches Recreational catches of

white perch exceed commercial landings in some years

Marylands recreational catch was 12 million and 075

million pounds in 1979 and 1980 respectivelyapproximatelytwice the commercial harvest in 1979 and 70 of

the commercial harvest in 198070

White perch apparently require good water quality they

concentrate in areas with DO of at least 6 mgL173Increasingeutrophication of the Patuxent River and the resulting

increase of hypoxic bottom waters around BroomesIsland
apparently have made the middle Patuxentunsuitable
habitat for white perch they dominated monthly

trawl catches from Broomes Island during 196568 but

were extremely rare there in 19888973

BACKGROUND

Mansuetis study of the Patuxent River population41 is the

most comprehensive available for estuarine white perch

Other extensive studies have been conducted in the

Choptank Delaware and Hudson River estuaries 133466

The evaluation of Maryland white perch by Richkus and

Stroup70 serves as the basis of the White Perch Fishery

Management Plan currently being prepared by theMaryland
Department of Natural Resources MDNR

Geographical Range
White perch are endemic in Atlantic coastal waters from

Nova Scotia to South Carolina95 and are most abundant

between the Hudson River and the Chesapeake Bay80

This euryhaline species inhabits marine estuarine and

tidal fresh waters with the largest numbers found in

brackish waters41 Since the late 1880s stocking canal

building and other human activities have extended the

original range north and west into the waters of Quebec
Lake Ontario and Lake Erie

12367982
By 1978 white perch

populations were found in all coastal states and maritime

provinces from South Carolina to Prince Edward Island

and inland from Vermont and Ontario along the Great

Lakes to Michigan and into Nebraska2979

Migrations and Movements
White perch migrate from lower estuaries to fresh water

to spawn thus they are a semianadromous species

Chesapeake Bay white perch spend their entire lives in

the Bay migrating up into the tidal fresh and slightly

brackish waters of its tributaries each spring to spawn
Adult white perch overwinter in the downstream portion

of tributaries and in deeper saline waters throughout the

Bay usually at depths > 612 m in areas with salinities in

the teens and water temperatures from < 0 to 45°C 304155

These distributions are shown in the Map Appendix

As water temperatures increase in the spring sexually

mature adults begin moving upstream to fresh or slightly

brackish spawning areas Ripe males generally precede

females into the spawning grounds92 Spawningmigrations
begin by the latter half of March and by the end of

March or the first week of April most ripe adults are on the

spawning grounds After spawning adults movedownstream
primarily to brackish areas in the middle and

lower portions of tributaries However in theSusquehanna
River below Conowingo Dam and on the Susquehanna

Flats adults can be found in fresh water in greatabundance
all summer Map Appendix

Summer movements are local and random rarelycoveringmore than 12 miles 19 km 214116 White perch

generally move inshore to shallows 153 m deep to forage

at night and offshore to deeper waters 36 m at dawn

Movement to overwintering areas begins as watertemperaturesdecline in October and November304155

Patuxent River white perch remain in the river throughout

their life cycle41 migrating fromthe lower and midestuary

upstream to tidal fresh waters for spawning in the spring

engaging in local and random movements in summer and

usually migrating downstream toward deeper water in the

fall White perch overwinter in the mid and lower

Patuxent at water depths of 630 m

A recent trawl
survey clearly demonstrated the preference

of white perch for upriver low salinity habitats In the

Patuxent River white perch were rarely found below river

mile rm 18 km 29 at Long Point until November when

they were concentrated near Battle Creek at rm 14 km
23 Peak abundances during the winter of 1989 were at

Long Point However from March through September

peak abundances were upriver six to ten miles 107161

km above Long Point The upriver distribution during

summer may be due to bottomwater hypoxia in the

midportion of the Patuxent estuary see SpecialProblems
In the Choptank River white perch were never collected

below rm 17 km 27 during the recent trawl survey Peak

abundance during December and January was fromrm 26

km 42 at Lloyds Landing to rm 42 km 68 at Denton By

February peak abundances were further downriver at rm

17 and 26 whereas from April through October peak

abundances were recorded at rm 17 Likewise inChesapeakeBay white perch occur essentially only in the

riverlike area above the Bay Bridge73 Map Appendix

White perch populations tend to be somewhat segregated

by size with larger white perch at downstream locations

within the estuary and the smallest fish only at upstream

locations Thus for example in the Patuxent River

mediumsizedwhite perch 100180 mm total length TL
were concentrated between rm 1525 km 2440whereas

large white perch > 180 mm TL were concentrated

between rm 1520 km 2432 In the Choptank River

122



WHITE PERCH

mediumsized white perch were concentrated between

rm 10 and 30 km 1648 whereas the largest white perch

were concentrated between rms 515 km 82473

Tagging and morphometric studies suggest that riverine

populations of white perch in the Bay are at least partially

isolated4195 Salinity gradients may prevent interriver

migrations of white perch especially in the lower Bay64

Analysis of mitochondrial DNA mt DNA variation from

seven tributaries the James York Potomac Patuxent

Sassafras Choptank and Nanticoke Rivers and the upper

Bay Hart and Miller Island provided evidence for ten

distinct matriarchal clones of white perch in the Bay64

clustered into three major groups 1 a large aggregation

including the Hart and Miller Island areas along with the

Nanticoke Choptank Sassafras and Patuxent Rivers

where a single genotype was evident 2 the Potomac

River and 3 a lower Bay population including the James

and York Rivers

Abundance and Recruitment
White perch have a propensity for stunting which

results in populations of high abundance but low growth

rates and mean size densitydependent growth70
Growth rates of juvenile white perch are affected by

temperature food supply and population density

Growth of juvenile white perch in the Patuxent River was

correlated positively with the number of spring days with

water temperatures between 1015°C and the amount of

solar radiation whereas the amount of spring rainfall and

the size of the population both were correlated inversely

with growth 4 Densitydependent growth of white perch

also has been reported in the Susquehanna River and

other areas outside the Bay region2043s29093

The only index of abundance of the estuarine white perch

population of the upper Chesapeake Bay is the Maryland

Juvenile Index JI the average number of youngofyear

white perch caught per seine haul duplicate samples at

22 stations in the Maryland portion of the Bay and its major

tributaries inJuly August and September Juvenileabundance
generally has been lower since 1970 with nosustained
high production comparable to 19591961 and

19691970 Table 170

Major year classes vary from region to region and year to

year apparently because of variations in the suitability of

environmental conditions for reproductive success 7
For

example high production occurred around 1960 in the

Potomac Nanticoke and Choptank Rivers but not in the

upper Bay In 1969 and 1970 the highest production was

in the upper Bay and the Nanticoke River Table 1
Likewise dominant year classes in 1964 and 1965 were

produced in the James River but not in the York River85

The

J
I probably is not an adequate measure of relative

year class size in Maryland as a whole Although the

J
I

averages overall catch from 22 stations spread throughout

Maryland waters in the Bay most Maryland white perch

are concentrated in the upper Bay area70 No significant

relationship was found between Baywide commercial

landings and the

J
I

lagged over a number of yearsbracketing
ages known to be captured in the fishery However

when the same techniques were applied to the Potomac

River mainstem 87 of the variance in the white perch

catch could be explained by the Potomac River

J
I nine

years prior to catch These results reflect differences in the

nature and selectivity of the fishing gears used in the white

perch fishery throughout the Bay The Potomac results

suggest that the Potomac white perch fishery targets

larger older fish and that the

J
I does in fact represent year

class strength70

Summers et a07 developed a categorical time series

regression model to evaluate the effects of natural and

anthropogenic environmental changes on the white

perch stock in the Choptank River Natural eventsapparentlyplay the dominant role in determining the size of

the Choptank white perch population Two thirds of the

variation in stock size for the period 19291985 could be

explained by discharges of fresh water in April and May
Size of parental stock and sewage loadings lagged 23 and

910 years accounted for an additional 13 and 11
respectively of the variation

Population Status and Fishery Landings
White perch support an important commercial fishery in

Maryland and rank among the top ten species harvested

in the State since 1920 From 19801985 white perch

ranked from second to fourth both in pounds landed and

dollar value Because of their common occurrence and

ubiquitous distribution white perch are an extremely

common bycatch in fisheries for other species This fact

makes it difficult to identify effort specifically targeted for

this species White perch are taken in nearly all types of

fishing gear typically used on the Bay70

The minimum size of white perch caught in the Maryland

commercial fishery is 8 inches 203 mm ie about age V
Maryland white perch landings generally increased from

400000500000 pounds in the late 1920s and early 1930s

to a high of 22 x 106 pounds in 1969 Jones et al33 reported

total catches for 19651973 the underreportedcommercial
landings are evident from the revised catch statistics

from Casey et al13 Table 2

Although commercial landings of white perch in Maryland

have declined over the
past 20 years the white perch

population does not appear to be suffering fromoverexploitationThus additional restrictions on eithercommercialor recreational fishing do not appear to benecessary70But this conclusion assumes that reported
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commercial landings accurately reflect populationabundanceand that total fishing effort and any change in that

effort are known Both of these assumptions arequestionable
It has been

very
difficult to quantify white perch

fishing effort because so much of the harvest has been

taken as bycatch particularly by the striped bass gill net

fishery

Increasing fishing restrictions on striped bass harvest and

the total moratorium on the Maryland striped bass fishery

since 1985 have had a major impact on the white perch

harvest The catch declined by 44 from the previous

tenyear average during the first two years of themoratorium13The commercial fishery for white perch operates

primarily in late winter and early spring From 19681979

a period of high harvests 75 of the total annual harvest

occurred in February March and April During19801985when major changes occurred in the fishery due to

changes in striped bass regulations the percentage of the

total annual harvest taken in those three months rose to

over 9070

During the mid to late 1960s the largest commercial

landings were from the Chester Choptank and Potomac

Rivers and the upper Bay In the early 1980s the Potomac

was less important as a source of commercial landings

than the other areas84

In Virginia commercial white perch harvests were at

historically high levels of about 800000 pounds in the late

1940s and again in the late 1950s Landings declined from

the late 1950s through the mid1960s increasedsubstantiallyin 1966 and declined throughout the 1970s and

early 1980s33

White perch are an important recreational speciesespeciallyin the upper Chesapeake Bay and its tidal tributaries

They are common and are distributed among a variety of

habitats including inshore waters where they areavailable
to anglers from shore or from small boats Periodic

fishing surveys in Maryland from 19651980 indicated that

white perch accounted for 2657 of the total hook and

line catch of recreational anglers Marylands recreational

catches of white perch were 12 and 075 x 106 pounds in

1979 and 1980 approximately twice the commercial catch

in 1979 and 70 of the commercial harvest in 198033

LIFE HISTORY

Spawning
Chesapeake Bay white perch spawn from late March

through early June peak spawning activity occurs in April

and May at water temperatures of 1016°C134271 optimal

spawning temperatures are 1214°C Table 370

Spawning occurs in riverine and tidal fresh water as well

as brackish water up to about 42 ppt salinity Most s
p
a
w

n
in

g

occurs in fresh water over fine gravel or sand27optimalsalinities range from 015 ppt Table 333 Spawning

habitats in the Bay are shown in the Map Appendix Not

all eggs are released at once and ovulation may continue

over a period of 1021 days42 Spawning distributions may

vary from year to year in response to controllingenvironmental
variables primarily temperature and salinity70

Spawning generally occurs at depths of 16 m inestuaries27
Individual females are surrounded by several

males and eggs and sperm are spread randomly

White perch eggs are small and spherical with a flattened

attachment disc Unfertilized eggs range
from 0709 mm

fertilized and waterhardened eggs average 092 mm and

range from 075104 mm42 Generally eggs are demersal

and attached in still water but are pelagic in freeflowing

streams and tidal waters39 They are not adhesive after

waterhardening which occurs within the first halfhour

after ovulation42 White perch eggs contain a large volume

of yolk 014016 mm70 and a prominent ambercolored

oil globule 0007000081 mm4670 Hatching occurs after

approximately 144 h at 11°C to 2430 h at 20°C227

White perch have relatively high fecundity for fish their

size Fecundity estimates range from 5000320000 eggs

per female with an average of 4000027 Regional estimates

are North Carolina 2030490167 Chesapeake Bay

50000150000 and Delaware Bay 280000maximum144155

Larvae

Newly hatched white perch larvae weigh approximately

35 µg average 26 mm TL and range in size from 1730
mm Larvae are tadpolelike have unpigmented eyes

and

the mouth has not yet formed The head deflectsdownward
over a much enlarged yolk sac with a prominent

anterior oil globule46 Hardy27 provides detaileddescriptionsand drawings of white perch embryos larvae and

juveniles The yolksac prolarval stage lasts from 413

days

Firstfeeding larvae averaged 345 mm standard length

SL weighed approximately 19 µg and had consumed at

least 98 of their yolk reserves and from 5575 of their

oil46 Rotifers and copepod nauplii were dominant prey of

34 mm white perch larvae from the Potomac River81

Lesser numbers of copepodite stages of copepods and the

cladoceran Bosmina were also consumed Bosmina

copepodites and adult copepods were dominant
prey

of

57 mm larvae copepods primarily adults and

cladocerans dominated diets of 815 mmlarvae Late larval

and early juvenile white perch 1624 mm consumed

adult copepods

Depending upon food and temperature white perchlarvae
grew from 001028 mm d1 in laboratoryexperiments46

Wellfed larvae 800 rotifers L1 grew 005 mm
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d1 at 13°C 020 mm d1 at 17°C and 028 mm d1 at 21°C

Survival rates of wellfed larvae ranged from 4355 in

these feeding experiments Larvae fed initially at low food

levels 50 rotifers L1 for as little as two days exhibited

significantly reduced survival and growth duringeightday
feeding experiments at all three experimentaltemperaturesGrowth of white perch larvae at 13°C was slow

under all food conditions all larvae were < 40 mm SL after

eight days

At the two higher temperatures 17 and 21°C survival

rates of white perch larvae decreased by 6080 with a

fourday delay in high food levels and decreased by

8090 with an eightday delay Temperature and food

concentration have important interacting effects on white

perch during their first two to three weeks of life Larvae

hatched at 13°C were not as vulnerable to starvation but

they grew < 5 per day regardless of food level Such

larvae would be more vulnerable to predation for longer

periods of time At temperatures about 17°C larvae could

grow at > 20 per day if high food levels were available

at first feeding However at 21°C hatching successdeclinedand there was greater likelihood of starvation

under suboptimal food conditions46

Adults
Manseuti41 estimated 1003 mm SL and 1055 SL as the

median sizes at maturity for Patuxent River male and

female white perch respectively All
age II males in the

Patuxent and all females above 170 mm SL 200 mm fork

length FLl were sexually mature Approximately 67 of

age I
I and 96 of age III female white perch from the

Patuxent River were sexually mature4155

Klauda et al34 summarized mean lengthatage data for

14 freshwater and estuarine white perch populations

Generally white perch from freshwater populations were

larger particularly in the younger year classes Females

age II and older tended to be larger than males but the

differences were not substantial Mean lengths of male

and female white perch from various estuarinepopulationsare summarized in Table 4 lengthweightrelationshipsare listed in Table 5

Although sex ratios of various estuarine and freshwater

white perch populations vary widely as a whole females

generally outnumber males Available data suggestdifferent
mortality rates for the sexes but the differences

have not been explained70

Growth rates of white perch cohorts from the Potomac

River in 1987 ranged from 029069 mm d1 and averaged

040 mm d132 Cohorts of white perch larvae grew more

slowly in their first 20 days posthatch than subsequently

Cohorts that hatched before April 24 1987 did notcontributeto potential recruitment because of an episodic

mortality of eggs and larvae caused by a drop in water

temperature to < 10°C

Instantaneous mortality rates of white perch cohorts

ranged from 008011 average 009 White perchpotential
recruitment in the Potomac in 1987 was 10100 times

higher than that of striped bass32

Juveniles
The inshore zones of estuaries and creeks generally

somewhat downstream of the spawning areas are the

primarynursery areas for juvenile white perch during the

first summer and fall Juvenile white perch were present

in the Choptank River during the last three sampling

periods between May 2
1 and June 8 1984 Initially the

greatest numbers were caught at rm 491 km 79althoughduring the last sampling interval a large downriver

shift in abundance occurred coincident with heavy rainfall

and a large rise in river flow8

Growth rates of juvenile white perch are influenced

strongly by environmental and habitat factors and differ

markedly between regions and habitats as indicated by

white perch studies in Lake Ontario the Delaware River

and the Connecticut River 44558091

Generally younger age classes comprise the bulk of most

white perch populations Age classes III and IV dominated

the James River population and age classes I
I and III were

most abundant in the York River85 Mean ages of Patuxent

River males and females were 36 and 40 yearsrespectively75 of the Patuxent white perch population was 4

years41

White perch achieve most of their growth in length

during the first several years of life White perch from the

York and James River reached 35 of their age VII length

during their first year85

White perch populations from various tributaries of the

Chesapeake Bay may exhibit significantly different

growth rates Growth rates of white perch from Trappe

Creek a short coastal estuarine creek in TalbotCountyMaryland were substantially greater than growth rates

of white perch from the Choptank River13 White perch

from both populations were aged by examination of both

scales and otoliths Scalebased estimates differedsignificantlyfrom otolithbased estimates for all
age groups

of white perch P < 0001 and for white perch with

otolith ages IXXVII P < 0001 but not for white perch

with otolith ages IVIII P = 0134 In the Choptank River

scale aging indicated high growth rates and short

lifespans whereas otolith aging indicated slower growth

and greater longevity

The age structure of white perch in the Choptank River

otolith method reflected year class strength as measured

by the Choptank

J
I Table 1 The age distribution of
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otolithaged fish collected in 1987 was correlated with the
J
I r2 = 077 P = 001 for ages V to XII white perch

19761982 year classes The

J
I accounted for most of the

variation in otolithaged fish collected in 19861319751982
year classes r

2 = 099 P = 00001 These results

indicated that scales underestimated the age of older

white perch from the Choptank and gave biased age

estimates after age VIII Thus age distributions of older

white perch along with growth and mortality rates

derived from scaleaged fish are suspect13

Annual mortality rates calculated from age frequency

distributions of scaleaged fish for adult and subadult

white perch typically range from 057069 White perch

mortality was greater in the James River than in the York

River White perch males after age IV suffered 69mortality069 ± 007 95 CI females after age VI suffered

similar mortality rates 068 ± 007 In the York River

annual mortality rates for age III and older males were

059 ± 005 and for females < age V 057 ± 00685Howeverthe annual mortality rate of white perch from the

Choptank River was 015 aged by otolith examination 13

As above the scale method apparently gives biased age

estimates especially for older age classes This problem

would result in overestimates of annual mortality

ECOLOGICAL ROLE

Larval white perch are zooplankton predators and in turn

are prey for juvenile white perch and other species Larval

white perch initiate feeding on rotifers and copepod

nauplii cladocerans and copepodites Adult stages of

copepods become increasingly more important in the

diets of older larvae81 Juvenile white perch prey onbenthic
invertebrates insect larvae are a majority prey of

freshwater populations Prey availability apparently limits

growth of juveniles and older white perch in some

populations at least during times of high abundance

Juvenile white perch < 150 mmfromthe Choptank River

fed on mysids and other benthic organisms larger white

perch fed almost exclusively on tunicates sea grapes

Juvenile white perch consumed striped bass
eggs

and

larvae in laboratory experiments 4956 Juveniles consumed

approximately two striped bass eggs per 15 minutes

Predation rates increased to approximately 15 striped bass

larvae 712 days posthatch per 15 minutes and then

declined High turbiditysignificantly increased thepredation
rate on yolksac larvae45

Juvenile bluegills can be effective predators on larval

white perch They captured all larval white perch 36 mm
SL in laboratory predation experiments 4547 Maximum

predation was 10 larvae per 15 minutes at a prey density

of 03 larvae L1 a realistic density of larval white perch in

Chesapeake Bay spawning and
nursery areasSusceptibilityof white perch larvae to capture declined by 21

per mm length for 614 mm white perch larvaePercentageof larvae killed decreased to 30 at 12 mm SL and

dropped to 18 at 14 mm SL The addition of similarsized

alternative prey a cladoceran resulted in 1090reduction
in predation rates on white perch larvae by juvenile

bluegill No selection was observed either for the white

perch or the cladoceran Both were consumed inproportionto their abundance 4547

White perch larvae cooccur with many potential fish

predators in tidal fresh waters including juvenile white

perch alewife and blueback herring menhaden bay

anchovy catfishes eels striped bass yellow perchsunfishand largemouth bass47 Juvenile white perch inestuarinehabitats are prey for yearling and older striped

bass adult white perch and probably bluefish4

Subadult and adult white perch are benthic predators

Older white perch become increasingly piscivorous Age

I and older white perch from Oneida Lake consumed

insect larvae and crustaceans Insect larvae and fishes

were the principal foods of white perch from the Bay of

Quinte Dipteran larvae especially chironomids were the

most important insect prey Fish yellow perch white

perch and johnny darters constituted 35 of the diet of

7 inch 178 mm white perch and 70 of the diet of 810

inch 216254 mm white perch

White perch captured on their spawning grounds in a

northwest Ohio tributary of Lake Erie were voracious

predators of fish eggs The eggs of walleye white perch

and white bass mixed with detritus comprised nearly

100 of their diet while on the spawning grounds73

HABITAT REQUIREMENTS

Water Quality
Suitable water quality for white perch eggs larvae and

juveniles the most sensitive life stages and for adults are

summarized in Table 3

Dissolved Oxygen
White perch concentrate in areas with DO of at least 6

mgL1 In a recent intensive trawl survey no white perch

were collected where DO was < 4 mgL1 in the Patuxent

River or < 3 mgL1 in the Choptank River Most white perch

in both rivers were taken from areas with DO > 6 mgL1
Likewise in the mainstem Chesapeake Bay the largest

collections of white perch occurred in areas with > 70

mgL1 DO White perch occurred in only one sample in an

area of < 55 mgL1 DO73

A minimum DO of 5 mgL is recommended for all life

stages of white perch Table 333 Only two laboratory

studies have examined the effects of low DO onyoungofyearand adult white perch Youngofyear white perch

suffered 40 mortality when exposed to DO of 0510
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mgL1 for 19 h over a temperature range of 672830C16

Adult white perch avoided waters with DO < 35saturationover a temperature range
of 821°C52

Salinity
Few studies have examined the effects of salinity on

various life stages of white perch Optimal salinity for

white perch eggs ranges from fresh water to 2 ppt33

though a salinity range of 010 ppt did not significantly

affect percent hatch of waterhardened eggs in laboratory

experiments62 Most 99 of white perch eggs collected

in the upper Chesapeake Bay were collected in fresh

water
17

lected higher temperatures than more northernpopulations
Preferred temperatures ranged from 316325°C for

North Carolina populations 289306°C for Maryland

populations and 292296°C for New Jerseypopulations23
Juvenile white perch can acclimate to increasing water

temperatures Eight percent survival occurred whenjuvenileswere exposed to 306°C for 24 h after three days

exposure to increasing water temperatures beginning at

20°C16 However juveniles acclimated to 2126°C suffered

significant mortality when exposed to temperatureincreasesof 84°C or greater for over 15 minutes51

White perch larvae and juveniles are found in fresh and

low salinity water of 08 ppt Larvae and juveniles prefer

salinities < 15 ppt and < 3 ppt respectively although

both larval and juvenile white perch have been collected

in salinities up to 13 ppt1786 Eightyeight percent of larval

and juvenile white perch fromthe upper Chesapeake Bay

were collected in fresh water 9were collected at 1 ppt17

Adult white perch are found in salinities from 518 ppt86

The greatest catches of white perch in the Patuxent River

during the 198990 trawl
survey

occurred in 03 ppt and

in 1215 ppt However few trawl samples were taken

between 411 ppt Likewise white perch rarely were

collected from localities in Chesapeake Bay where salinity

exceeded 9 ppt73

Temperature
White perch eggs hatch in 2430 h at 20°C to 144 h at

11°C Water temperatures < 10°C caused significant

mortality of white perch eggs27 The relationship between

time to 50 hatch and water temperature is

t = 686900e
01402T

where t
=

time in h and T =
temperature °C

Optimal hatching of white perch eggs occurs at 1214°C

Table 36270 Temperature decreases of 45°C were lethal

to developing eggs a sudden decrease of 23°C resulted

in egg mortality227 Incubation time of white perch eggs

in laboratory studies decreased by a factor of 3 from

1321°C but the reduced incubation time at higher

temperature was offset by a decline in percent hatch of

about 60 Percent hatch was approximately 80 at 13°C

60 at 17°C and only 20 at 21°C 46

Maximum length of white perch larvae at hatch occurred

at temperatures of 1618°C62 Youngofyear white perch

acclimated at 30°C or greater selected water temperatures

less than or equal to acclimation temperatures Juvenile

white perch acclimated at temperatures of 6 12 18 24

30 and 33°C selected water temperatures ranging from

152310°C depending upon acclimation temperatures24

Southern populations of youngofyear white perch s
e
T

e
m

p
e
ra

tu
re

preference in adult white perch depends

both upon acclimation
temperatures and latitude of the

population White perch acclimated at 5 8 and 10°C in

2627 ppt salinity preferred water temperatures of 23 228
and 215 respectively88 White perch from the Delaware

River preferred a maximum summer temperature of

322°C51 white perch from New Jersey avoided 32°C

water in laboratory experiments21 and white perch from

the Hudson River selected a lower temperature 278°C
and avoided temperatures < 95°C and > 345°C89

Suspended Sediments
Suspended sediment concentrations of 100 and 500 mgL1
delayed hatch of white perch eggs by 46 h76 Continuous

exposure of white perch eggs to suspended sediment

concentration of 1000 mgL1 significantly reducedhatchingsuccess3 Although a 12 h exposure to 505250 mgL1
of suspended sediments did not affect percent hatch of

white perch eggs development was slowed significantly

at suspended sediment concentrations > 1500 mgL163

High concentrations of suspended sediments 20003250

mgL1 reduced egg development to 80 of controls 17

Deposition of sediment on white perch eggs is apparently

more important than suspended sediment concentrations

Covering white perch eggs with a 11 mm sediment layer

resulted in 100 mortality No significant reduction in

hatching success occurred when a sediment layer less

than onehalf egg diameter was deposited around eggs71

however sediment layers which extended over halfway

up and to the top of the eggs resulted in greater than 50
mortality Most deaths occurred in the late morula and

early gastrula stages times of rapid cell division when

high rates of
gas exchange through the chorion are

needed63

White perch larvae juveniles and adults are affected

adversely by natural sediment concentrations typically

found in estuaries during floods dredging and dredge

spoil disposal White perch larvae are more sensitive to

suspended solids than are adults83 Four sedimentconcentrationsranging from 15575380 mgL1 resulted in

1519 mortality of one day posthatch larvae during
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oneday exposures and 2349 mortality during twoday

exposures63 Sherk et al83 considered youngofyear
white perch highly sensitive to sediment concentrations

Youngofyear white perch suffered 100 mortality after

a 20 h exposure to 750 mgL1 suspended sediments at

18°C

pH
Little is known about the effects of pH on various life

stages of white perch Klauda35 proposed thatreproductionwould be significantly reduced if white perch were

exposed for seven days to pH 6567 in association with

a total monomeric aluminum concentration of 25 RgL1

and dissolved calcium concentration of 2 mgLl He also

suggested that short duration < 48 h exposure to pH 60

could severely reduce survival of white perch larvae

Stanley and Danie86 assumed that adult white perch

tolerate a pH range of 6090

Shear
Shear stress can cause mortality of eggs and larvae by

creating
excess rotation or deformation However LS50

median shear that would kill 50 of test animals in a

given time period ranged from 425415 dynes cm for

oneminute exposures of white perch eggs and larvae

respectively The LS50 was 120 dynes cm2
for a 20 minute

exposure of white perch eggs and 125 dynes CM 2
for a

fourminute exposure of white perch larvae These shear

forces are much greater than the maximum shear force

against the sides of the Chesapeake and Delaware Canal

138 dynes cm 2 which is operative over only a thin

boundary layer 20 mm and also are greater than shear

forces generated by a cargo ship rv79 dynes cm 259 White

perch eggs and larvae can be killed however by the shear

forces found in the intake structures of power plants and

other large industrial users of water

Structural Habitat

Substrate

Although commonly found near underwater structures

eg piers brush and vegetation white perch apparently

prefer areas with mud sand or clay bottoms with little or

no cover73

Depth
Larval white perch begin moving into shallow shore

zones less than 1 m deep a
t

about 8 mm TL42Youngofyearwhite perch prefer shallow inshore zones of estuaries

and creeks generally somewhat downstream from

spawning areas Although youngofyear white perchoccasionallymay venture into deeper waters duringdaylight
they return to protected beach and shoal waters at

night and during periods of rough water86 During the

summer older white perch apparently prefer depths of

469 m during the day and move inshore to 1 m at night

White perch overwinter in deeper channel waters usually

at 1218 m although they have been taken from areas as

deep as 42 m

White perch concentrate

in relatively small areas during

winter months which facilitates sampling Preliminary

results of the Patuxent River 1990 winter trawl survey

indicate that during January and February white perch

should be sampled in depths > 8 m at temperatures of

25°C and salinities S 5 ppt73

Avoidance Responses
Various devices including bubble curtains and strobe

lights have been examined in attempts to decrease the

numbers of youngofyear fish entrained into power plant

intake channels and impinged on screens at entrances to

intake structures White perch avoided bubble curtains at

moderate turbidity 45 NTU but were attracted to them

either in clear water or at high turbidity50 They also

apparently are attracted to bubble curtains at flow rates of

0205 m S174 White perch partially avoided strobe lights

in low flow experiments and decreased the use ofstrobelit
areas by 1036 at a flow rate of 02 m s however the

avoidance response decreased at higher velocities1222avoidance at 03 m s1 and 824 avoidance at 05 m
s1

At low currents 02 m s1 lightacclimated white perch

avoided strobe lights at flash frequencies of 120 and 300

per minute whereas darkacclimated fish avoided strobe

lights only at higher flash frequencies 300 and 600 per

minute74 High turbidity apparently also interferes with

the avoidance response of white perch to strobe lights

Mclnnich and Hocutt50 found 40 avoidance to strobe

lights at turbidity of 102138 NTU

SPECIAL PROBLEMS

Contaminants
The effects of contaminants on various life stages of white

perch are summarized in Table 6

Chlorine and ozone
The effects of chlorine and ozone on white perch have

received more study than those of any othercontaminantsWhen comparing chlorine toxicity data the

terms total residual chlorine TRC chlorine produced

oxidants CPO and total residual oxidants TRO are

equivalent

White perch eggs maintained at 15°C in 25 ppt salinity

suffered 50 mortality after 76 h at a TRC concentration

of 027 mgL16° Fiftyfive percent of white perch eggs

exposed to 035 mgL1 TRC did not develop beyond the

gastrulagerm ring stage White perch eggs suffered 100
mortalityat 055 mgL1 TRC61 Length ofwhite perch larvae

at hatch decreased with increasing TRC Length of larvae

at hatch was 2555 less than length of control larvae at
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concentrations > 010 mgL1 TRC61 Mortality of white

perch larvae was a function of TRC and exposureduration112426
Total chlorine was more toxic to adult white perch in 1

ppt salinity than in fresh water Ninetysix h LC50 values

were 010 mgL1 in 1 ppt
and 061087 mgL in fresh

water Conversely ozone was more toxic to adult white

perch in fresh water than in 1 ppt salinity Table 6
However adult white perch were more sensitive to both

ozone and total chlorine as indicated by avoidanceconcentrationsand cough responses in low salinity waters

than in fresh water Table 054

Other studies on adult white perch reported similar96 h

LC50 or TL50 concentrations ranging from015022 mgL1

TRC or CPO depending upon experimental temperatures

and salinities 562265
Chlorineproduced oxidants lowered

blood pH in adult white perch in fresh water and greatly

increased
gill

carbonic anhydrase and hematocrit56 at 14

ppt both blood pH and hematocrit decreased

An inverse relationship exists between both
temperature

and salinity and the concentration of free residual chlorine

FRG required to elicit an avoidance response by adult

white perch52 Likewise an inverse relationship exists

between the percentage FRC of total chlorine and the

concentration of total chlorine required to bring about an

avoidance response suggesting
that FRC is more toxic

than other components of TRC

The acute toxicity of ozone produced oxidants OPO to

adult white perch 96 h LC50 = 020022 mgL16972 is

similarto that of TRC or CPO Exposure to OPO 01 mgL1

results in histological changes on white perch gill surfaces

within 24 h7269 Additionally OPO concentrations 010

mgIJ1 increased hematocrit and OPO concentrations

015 mgL1 reduced blood pH69

as they were to either nickel 96 h T150 = 136 mgL1 or

zinc 96 h TL50 = 143 mgL1

White perch larvae collected from the Potomac River in

1985 were analyzed for trace metals At the beginning of

May white perch larvae had very high aluminumconcentrations9000 mg g
1 dry weight although by the

end of May the mean larval aluminum concentration had

fallen to about 300 mg g Body concentrations of both

copper and lead initially fell through the first half of May
but an upturn in concentrations occurred during the latter

half of May96

White perch apparently accumulate abnormally high

levels of copper in their livers probably as a result of an

inherited metabolic defect Copper concentrations in the

livers of white perch collected from the Bush Rhode

Wye and Magothy Rivers generally increased with age

and often exceeded 1000 gg g
1 wet weight Thispropensityto accumulate copper does not seem to be associated

with environmental contamination because white perch

were collected from widelyseparated regions and copper

concentrations in the livers of striped bass andpumpkinseedsunfish collected from the same areas averaged

3 jig g
1 wet weight 9

Contaminated Natural Waters
Adult white perch suffered deleterious effects from a

30day laboratory exposure to Baltimore Harbor water58

Sublethal physiological effects on white perch blood cells

included increased numbers of thrombocytes anddecreasednumbers of neutrophils and basophilsBiochemical
effects included changes in the levels of three

enzymes lactate dehydrogenase LDHacetylcholinesteraseand catalase Poor water quality resulted inincreasedLDH activity in white perch blood serumOrganophosphoruspesticides were responsible for the

reduced acetylcholinesterase activity within white perch

brains whereas liver damage from metal ions resulted in

decreased catalase levels

Petroleum
The toxic effects to adult white perch of No 2 and 4 fuel

oils an oil collection agent a dispersant and mixtures of

these substances have been examined68 Table 6 The

toxicity of the dispersant 96 h TL50 = 42 mgL1 was 89
times greater than the toxicity of either fuel oil 96 h TL50

3137 mgL1 whereas the oil collecting agent was not

toxic to white perch 96 h TL50 > 500 mgL1 Toxicity of

the fuel oils increased greatly when the dispersant was

added due to partial solubilization of the oils 96 h TL50

1014 mgL1 Fuel oil toxicities were not significantly

affected by the addition of the collecting agent

Trace Metals
Rehwolt et a167 examined the effects of three heavy metal

ions on adult white perch acclimated at 17°C Adult perch

were twice as sensitive to copper 96 h TL50 = 62 mgL1

Eutrophication
Monthly trawl catch data from 19651968 and 19881989

were compared for two sites in the Patuxent River an

upper estuary site Benedict Bridge at rm 20 km 32 and

a midestuary site Broomes Island at rm 12 km 19 Fish

community structure changed over the two decadesbetweenthe surveys The area around Broomes island no

longer is acceptable habitat for white perch and striped

bass94 White perch dominated trawl catches at Benedict

Bridge in 19651968 comprising 54 of the catch In

198889 white perch still dominated making up 51 of

the total catch At Broomes Island white perch was the

dominant species in 196568 comprising 82 of the total

catch Striped bass hogchokers and harvestfishaccounted
for an additional 11 of the total catch But in

198889 white perch and striped bass were extremely rare
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at Broomes Island Trawl catches were dominated by spot
which can tolerate lower DO than most fishes in the Bay

see SPOT Habitat Requirements this volume bay

anchovies and weakfish species indicative of more

eutrophic waters

In 196568 species diversity at both stations was lowest in

January and highest in late June and early July The same

seasonal cycle in species diversity occurred at Benedict

Bridge in 198889 but at Broomes Island there was a

threemonth phase shift in species diversity from 196568

to 198889 By 198889 the lowest species diversity was

in April and the highest diversity was in October94 This

seasonal shift in species diversity is another indication of

deteriorating water quality in the warm months in the

Broomes Island area

The Patuxent estuary has changed greatly in the past 50

years as a result of increasing nutrient loads andeutrophication15
Chlorophyll a concentrations in surface waters

at Broomes Island increased from 3040 gL1 during

May July 1968 to 17138 ggL1 in 1978 The DO in bottom

waters in the vicinity of both Broomes Island and Benedict

was much lower in 197779 than in 19364028 During

JulySeptember 1988 bottom DO < 2 mgL1 was found in

depths as shallow as 42 m in this portion of the estuary94

Changes in fish community structure distribution and

abundance in the Patuxent estuary over the
past two

decades are symptoms of eutrophication

The increase in the extent of anoxic and hypoxic bottom

waters and the earlier onset of hypoxia may affect the

overwintering habitats of white perch and other species

in Chesapeake Bay White perch overwinter in the deep

holes just south of the Bay Bridge Bottom DO in these

deep waters had dropped to 3 mgL1 by the beginning of

April 1990 personal communication Robert Magnien

Maryland Department of the Environment

Dredged Material Disposal
Deep areas of the Bay have been proposed as dumping

areas for clean dredged material The problem ofdisposalof dredged material is becoming increasingly acute

as existing disposal areas are filled Any increased

biochemical oxygen demand BOD associated withdisposalof dredge spoil could exacerbate the anoxiaproblemand degrade or destroy valuable white perchoverwinteringhabitat

RECOMMENDATIONS

Increase Dissolved Oxygen
Dissolved oxygen concentrations of at least 5 mgL1 are

required for all life stages of white perch Increasing

bottom DO in summer to at least 5 mgL1 in the oligohaline

055 ppt salinity and mesohaline 5118 ppt portions

of the Bay will increase suitable summer habitat for white

perch Overwintering habitats of white perch inChesapeakeBay are limitedby the extent of bottom waters with

DO < 5 mgL1 Earlier onset of severe hypoxia in the deep

overwintering habitats would eliminate use of these

habitats in late winter and early spring

Protect Deep Hole Habitats

Disposal of dredge spoil in deep portions of Chesapeake

Bay should be avoided because it could damage or

destroy valuable overwintering habitats for white perch

by increasing BOD

Improve Stock Statistics

Stockspecific growth and mortality rates are needed to

develop a realistic White Perch Fishery Management Plan

Mortality rates should not be estimated from simple static

catch curves Growth rates are highly variable and in

stunted populations especially a small length increment

easily can include fish of different ages Also scalesapparentlyunderestimate the age of older white perch at

least in some populations Validation studies such as

oxytetracycline labeling of fish and longterm holding

experiments are needed to test aging techniques scale

aging vs otolith aging for white perch

Consider Regional Management of
SelfContained Fisheries
From a biological perspective white perch stocks in the

Upper Bay Patuxent Potomac James and York Rivers

should be managed separately because of the strong

regional nature of the fishery and the fact that stocks in

the lower western shore tributaries essentially areselfcontainedThe feasibility of a regional management
scheme should be examined

Better statistics are needed on the magnitude ofrecreationalcatches of white perch in the upper Bay and various

tributaries

CONCLUSION

White perch is one of the most important species in the

Bay for both commercial and recreational fishingAlthoughthe stock does not appear to be suffering from

overfishing it is difficult to be sure because so much white

perch is taken as bycatch in other fisheries especially

striped bass The bycatch aspect makes it difficult to

determine the total fishing effort for white perch
Marylands ban on striped bass fishing has contributed to

reduced fishing effort and hence a decline in commercial

white perch landings in recent years Steps should be

taken to increase DO and to improve statistics on the

magnitude of recreational catches of white perch in order

to help this important species thrive in the Bay
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Table 1 Average number of youngofyear white perch per seine haul by year and area unpublished data

MDNR

Year Head of Bay Potomac River Choptank River Nanticoke River Yearly Average

1958 74 96 108 91 90
1959 88 1030 105 80 353
1960 29 968 1569 863 771

1961 88 515 278 738 378
1962 56 287 312 153 193

1963 173 70 333 112 158

1964 249 296 27 239 222
1965 129 296 32 213 113

1966 580 182 412 351 381

1967 45 64 234 545 176

1968 255 132 110 361 209
1969 728 224 134 568 430
1970 769 583 239 707 602
1971 190 290 134 178 210
1972 137 317 63 107 175

1973 135 241 07 24 125

1974 46 45 42 68 49
1975 110 147 79 95 114

1976 55 46 06 29 39
1977 162 128 08 05 95
1978 257 718 68 289 375
1979 142 30 110 21 78
1980 194 128 10 38 111

1981 74 13 96 70 58
1982 323 66 92 77 155

1983 72 45 168 113 88
1984 206 237 115 402 235
1985 12 32 186 65 60
1986 317 78 69 153 166

1987 05 102 774 566 278
1988 198 13 11 65 49
1989 259 119 467 604 315

32year mean 192 236 200 250 214

Table 2 Total Commercial White Perch Landings in Maryland

Year Landings lbs

Jones et al 198833 Casey et al 198813

1965 1449900 1759866
1966 1747300 2395009
1967 1246900 1742562
1968 1795800 2197405
1969 2152500 2703150
1970 1661800 1937926

1971 1507700 2008715
1972 1226900 1420200
1973 762600 1013900

Maryland catches declined to 650000840000 pounds from 19741984 with the exception of harvests of 12 and 11 x 106 pounds in 1978

and 1980 respectively
13
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Table 3 Suitable water quality for various life stages of white perch Optimum values are in bold face

na not available

Life stage Temperature2733627o Salinity
61927

pH27 Dissolved oxygen27 Suspended

°Ca ppt mgL solids3235

mgL1

Eggs 1220 015 6585 > 5 < 100

1214

Larvae 1220 015 6585 > 5

Firstfeeding

larvae 1520

<< 500

Juveniles 1030 03b 79 > 5 << 500

Adults 1030 518 nac > 5 < 500

a
optimum temperature range is dependent upon the acclimation temperature

b
Summer somewhat higher salinites thereafter

°
Theoretical pH range of 65 < 93586

Table 4 Calculated length mm at age for white perch

Location Sex Age Group

I II I
I
I IV V VI VII VIII IX X Reference

Patuxent River M 90 134 158 175 190 206 231 241 249

Maryland F 93 141 167 184 199 220 237 251 265 287

James River M 77 119 146 168 183 199 218

Virginia F 77 122 151 174 191 205 220 236 253 262

York River M 81 116 141 167 186 204 235

Virginia F 78 118 146 171 190 210 228 247 260 270

C D Canala M 79 113 140 160 178 195 216 243 249 254

F 81 116 139 158 177 188 207 204 230

Delaware Riverb M 83 131 154 169 182 192 204 203

F 84 134 158 174 185 195 201 209

M 75 121 144 161 182 202 251

F 76 122 145 163 185 208

Hudson River M 85 144 174 187 198 211 223

New York F 88 149 182 200 211 219 230

M 71 121 148 163 175 184 195 203

F 73 123 151 167 180 195 212 226 260

41

85

85

31

91

66

4

38

a
and adjacent waters

b
near Artificial Island
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Table 5 Lengthweight relationships for various estuarine white perch populations W = weighting SL = standard

length in mm FL = fork length in mm

Population Sex N Equation

Patuxent River

James River

F 888 logW = 4814 + 2123 logFL
M 580 logW = 4611 + 3023IogSL

F 323 logW = 5374 + 3302 logFL
M 290 logW = 5199 + 3182 logFL

York River F 347 logW = 5008 + 3161 IogFL

M 385 logW = 5172 + 3190 IogFL

Hudson River F

M
logW = 4738 + 3099 IogSL
logW = 2262 + 1925 logFL

r
2 Reference

41

098 85

098

098 85

097

096 4

071
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Table 6 Effects of contaminants on white perch Life stages E = eggs L = larvae J = juveniles A = adults

Substance

chlorine TRC

chlorine NaOCI
chlorine

free residual

ozone

ozone OPO

No 2 fuel oil

with dispersant LAS
No 4 fuel oil

with LAS

LAS

fuel oil collecting

agent

copper

zinc

nickel

Life stage Salinity

ppt

Temperature

°C

Effect Concentration Reference

mgL

E 76 h LC50 027 60

E 25 15 mortalitya 055 61

L 24 h LC5o 031 60

L growthb > 05 61

L see text for chlorinetemperature interactions

L 15 18 see text for chlorinetemperature interactions

A 15 96 h LC5o 021 22

A 25 96 h LC5o 015 22

A 07 027 avoidance 004035c 53

A 08 428 avoidance 021 65

A 0 14216 sublethal 30 min 135 6

A 27 169 96 h TL50 022 65

A 1 145 96 h LC5o 010 54

A 0 11 96 h LC5o 087 54

A 0 19 96 h LC5o 069 54

A 0 22 96 h LC5o 061 54

A 0 26 96 h LC50 074 54

A 2448 h LC5o 28d 37

A 0570 427 avoidance 003016` 52

A 0570 avoidance 010 65

A 125 2027 avoidance 007 mean 54

A 0 6258 avoidance 011 mean 54

A 0 11 96 h LC5o 037 54

A 0 19 96 h LC5o 026 54

A 0 21 96 h LC5o 022 54

A 0 27 96 h LC5o 029 54

A 0 6523 cough response 009017 54

A 145 96 h LC5o > 066 54

A 15 96 h LC5o 022 72

A 15 24 h sublethale 001 69

A 15 96 h LC5o 020 69

A 15 sublethal 001015 69

A 19 2496 h TL5o 416372 68

A 19 2496 h TLm 1430 68

A 19 2496 h TL5o 310320 68

A 19 2496 h TLm 1014 68

A 19 2496 h TL5o 4261 68

A 19 2496 h TL5o 500 68

A 17 48 h TL5o 80 67

A 17 96 h TL5o 62 67

A 17 48 h TL5o 102 67

A 17 96 h TL5o 143 67

A 17 48 h TL50 162 67

A 17 96 h TL5o 136 67

a
Prevented egg development past gastrula stage

b
Larval length decreased by 2555

6
Tests involved temperaturesalinitychlorine interactions

d
Single 2 h dose of NaOCL

e
Histologic changes on gills

within 24 h of exposure to 001 mgL OPO
f

Blood and tissue effects at 001015 mgL OPO
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The
striped bass is a large anadromous fish found

along the entire East Coast of North America Most of

the coastal migratory stock originates in Chesapeake

Bay Striped bass spawn in spring in tidal freshwater areas

just above the salt wedge Most juvenile striped bass remain

in their natal areas for the first two years of life Older fish

migrate from the Bay into the coastal Atlantic Ocean

Striped bass are voracious predators mostly on fish Early

life stages are important prey for other species

Striped bass have been one of the most soughtaftercommercialand recreational finfish in Chesapeake Bay A long

termdecline in striped bass stocks began in the mid1970s primarilybecause of overfishing Sustained poor
recruitment and low stock abundance led to a complete closure of Maryland and Virginia fisheries by the

mid to late 1980s In response to increased stocks and stronger recruitment limited commercial and

recreational fisheries were reopened in 1990

There is increasing concern that low dissolved oxygen DO in the deeper water of the upper Chesapeake

Bay and in other areas has eliminated much of the summer habitat of adult and subadult striped bass Acidity

and contaminants in spawning habitats have been associated with mortality of striped bass larvae in the

Choptank Nanticoke and Potomac Rivers

INTRODUCTION dinner and for daintinesse of diet they excell the

Marybones ofBeefe There are such multitudes thatl have

Striped bass has been well known since colonial days seene stopped in the river close adjoining to my house with

undoubtedly due to its great abundance and availability a sande at one tide as many as will loade a ship of 100

Captain John Smith wrote tonnes 112

The Basse is an excellent fish both fresh and salte William Wood in his New Englands Prospect published

They are so large the head ofone will give a good eater a in 1634 describes how to catch a really large bass
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The Basse is one of the best fishes in the countrey the

way to catch them is with hooke and line the fisherman

taking a great codline to which he fastnetb a peece of

lobster and throwes it into the sea the fish biting at it he

pulls her to him and knockes heron the head with a sticke

the English at the top ofan high water do crossee the

creekes with long seanes of Basse netts which stop in the

fish and the water ebbing from hem they are left on the

dry ground sometimes two or three thousand at a

set 241

Striped bass and codfish were the first natural resources

in Colonial America subject to conservation measures

enacted by statute In 1639 the General Court of the

Massachusetts Bay Colony passed a law that neither fish

could be sold as fertilizer But the catch increased and by

1776 New York and Massachusetts had passed laws

prohibiting sales of these fish in winter months13

The first public school in the thirteen colonies was made

possible in part through funds derived from the sale of

striped bass An act of the Plymouth Colony in 1670

required that all income accrued annually to the Colony

from the fisheries at Cape Cod for striped bass mackerel

and herring be used for a free school in some town of the

jurisdiction
84

The presence of the striped bass on the Great Seal of

Maryland indicates the high esteem in which Marylanders

hold the fish colloquially known as rock or rockfish131

Striped bass can be found along the East Coast of the

Atlantic Ocean from northern Florida to the maritime

providences of Canada However spawning occurs in

only a few areas with the Hudson River and Chesapeake

Bay accounting for nearly all stocks During times of peak

abundance fish spawned in Chesapeake Bay maycontribute
as much as 90 of the coastal migratory stocks17

Striped bass are voracious predators and as a result grow

rapidly In their second year of life they are alreadypansizedfish In the first few
years

of life stripers tend to be

pelagic schooling fish and are found pursuing forage fish

in the open waters of Chesapeake Bay As they grow older

they tend to be more solitary Striped bass can live as long

as 30 years but most fish are caught at less than eight years

old131138

Prior to the closure of the Maryland fishery on January 1

1985 striped bass were the most sought after commercial

and recreational finfish in the Maryland portion ofChesapeake
Bay111 Striped bass stocks began an alarminglongterm

decline in abundance in the mid1970s dueprimarilyto overfishing The 1985 striped bass moratorium has

allowed the spawning stock to recover to the extent that

Maryland briefly reopened the commercial andrecreational
fishery in 1990 and 1991 Some 78000 recreational

fishermen caught so many striped bass in one weekend

in the fall of 1990 that Maryland closed the fishery after

only ten days even so recreational fishermen caught 130
of their quota204

There is increasing concern that low DO in the deeper

waters of the upper Chesapeake Bay and its tributaries has

eliminated much of the summer habitat of subadult and

adult striped bass Optimum water temperatures for adult

striped bass are 2022°C adults avoid waters > 25°C if

cooler waters are available Striped bass of all
ages avoid

water with DO < 34 mgL1 In 19841987 there was no

suitable habitat water temp < 25°C and DO > 2 mgL1

remaining in late July in northcentral segments of the

Chesapeake Bay44

Similarly the Broomes Island area of the Patuxent River is

no longer acceptable summer habitat for striped bass

White perch hogchokers and striped bass dominated

monthly trawl catches at Broomes Island from 19651968
but by 19881989 striped bass only rarely were caught

there Eutrophication and the resulting increase inhypoxicbottom waters is the probable cause of thedeterioration
of this summer habitat237

BACKGROUND

Striped bass are the largest member of the familyPercichthyidaeorder Perciformes Prior to 1966 they were placed

in the sea bass family Serranidae

Striped bass have an elongated body which is moderately

compressed Their color ranges from light green to olive

or steel blue to brown to black The sides of stripers are

silver with seven to eight characteristic dark continuous

stripes One stripe always follows the lateral line and three

stripes are always below the lateral line The undersides

of the fish range fromwhite to silver with a brassyiridescence69171
Literature reviews and synopses of striped bass include

Hildebrand and Schroeder94 Raney192 Mansueti138

Hardy84 Westin and Rogers236 Setzler et al209 Public

Service Electric and Gas190 Nicholson17 and Atlantic

States Marine Fisheries Commission ASMFC6

Distribution

Striped bass range from the St Lawrence River in Canada

to the St Johns River on Floridas east coast and from the

Suwannee River in western Florida to Lake Pontchartrain

Louisiana Striped bass were introduced into the SanFrancisco
Bay Delta in 1879 and 1881 today they range from

the Columbia River south to Ensenada Mexico84 The

principal spawning and
nursery

areas of striped bass

along the Atlantic Coast are the Chesapeake Bay and its

tributaries156 and secondarily the Hudson and Roanoke

Rivers36
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Migrations
The migratory behavior of coastal striped bass is more

complex than that of most other anadromous species with

seasonal movement and location of the fish related to age

sex degree of
maturity and natal river Map Appendix

In addition there is considerable variation in themigratorybehavior of fish of the same age sex and degree of

maturity Despite these differences certain behaviorpatterns
are common to most stocks Generally sexually

immature fish of both sexes remain in their natal estuary

until about age II After
age II the majority of females and

some males leave the estuary and undertake seasonal

coastal migrations

The migratory behavior of Chesapeake Bay stocks of

striped bass is a topic of continuing research It is generally

thought that approximately half of immature age III

females migrate from Chesapeake Bay to coastal waters

Lesser proportions of age II and age IV females also leave

the Bay These females form the basis of the Atlantic

coastal migratory population which moves northward

along the coast in early spring summers from Long Island

north to the New England coast and the MaritimeProvincesof Canada and in the fall
migrates southward and

overwinters in coastal waters from New Jersey to North

Carolina Large numbers of striped bass but notnecessarilythose fish that have spent the fall in coastal waters

overwinter in deeper water of the Chesapeake Bay and its

tributaries12 Sexually mature fish begin migration to their

spawning locations in early spring and return to coastal

waters after spawning6

Striped bass overwintering in Maryland waters of the

Chesapeake Bay typically are smaller than 22 inches 559

mm total length TL Fish overwintering in tributaries

tend to be smaller than fish overwintering in the main stem

of the Bay143144145146 Coastal tagging studies suggest

that immature females that join the migratory stock do not

return to their natal waters until they are sexually mature

and participate in the spring spawning migrations120

The 1985 Maryland striped bass moratorium and strict

conservation measures adopted by ASMFC have allowed

a complete reassessment of agespecific migration rates

from Chesapeake Bay without the confounding effects of

fishing exploitation Surveys conducted by the Maryland

Department of Natural Resources MDNR in the upper

Bay and the Choptank River during the fall and winter

when only resident premigratory fish are presentindicatethe following migration rates from the Bay 0 of age

I 10 of age II both males and females and 425 of

the remaining ages IIIVIII 50 of females and 35 of

males Extrapolating from these figures one wouldexpectthe resident premigratory Chesapeake stock toinclude
approximately 25 male and 11 female of age

VI striped bass 16 male and 6 female of age VII

and 10 male and 3 female of age VIII203

STRIPED BASS

Chesapeake Bay fish have the widest range of movements

in coastal waters of all the migratory striped bass stocks

Chesapeake Bay striped bass were captured in the

Kouchibouguac River New Brunswick near the mouth

of the St Lawrence River9798191

The relative contribution of a stock to the coastal fishery

depends upon the sex ofthe fish and the relative year class

strengths of the contributing stocks In the mid 1970s

during times of peak abundance Chesapeake Bay stocks

of striped bass primarily females comprisedapproximately90 of the Atlantic coastal migratorypopulation17
Studies in the early 1980s a time of depressed

Chesapeake Bay stocks indicated that from onehalf to

twothirds of the Rhode Island catch originated inChesapeakeBay The remaining striped bass were of Hudson

River origin
6o172

Chesapeake Bay Subpopulation
Researchers have used a variety of methods to identify

subpopulations of striped bass in the Chesapeake Bay
Some early studies relied on meristic counts to separate

striped bass from the James York and Rappahannock

Rivers and the upper Bay into subpopulations Others

used morphometric analysis to identify subpopulations of

striped bass in the four major Western Shore

tributaries 127133170193 The upper Bay stock has been

more finely divided into Elk River Choptank River and

Nanticoke River subpopulations with electrophoretic

techniques164 However Sidell et al216 were unable to

separate upper Bay stocks of striped bass by protein

electrophoresis

Seventy percent of youngofyear striped bass from the

Potomac Patuxent Choptank and Nanticoke Rivers were

correctly assigned to their natal rivers by analysis of the

elemental composition of otoliths Classification wasincreased
to nearly 90 when data from the Choptank and

Nanticoke were combined to form an Eastern Shore

group and data from the Potomac and Patuxent were

combined to form a Western Shore group
169

Recent
surveys

of mitochondrial DNA mtDNA variation

provide evidence of distinct spawning aggregations in the

Rappahannock Potomac Choptank and upper Bay

areas These studies also suggest higher female than male

fidelity to natal regions3334 The mtDNA variation in

striped bass from the 1982 year class was examined in fish

caught between 1984 and 1987 By examining mtDNR

genotypes in male striped bass and mtDNA haplotype

frequencies in females Chapman34 reached theseconclusions1 distinct matriarchal groups occupiedspawninggrounds in the Choptank Potomac and upper Bay
2 following the second year of life mixed aggregations

of males and females formed over the winter probably

derived from populations not surveyed in 1984 3 males

from these mixed aggregations appear to have dispersed
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randomly to spawn in 1986 which suggests that males do

not have a strong homing instinct and 4 females appear

to return to their natal areas as their mtDNA frequencies

in 1987 closely matched 1984 distributions thisconclusion
assumes that striped bass tend to remain in their

natal areas until age II

Earlier tagging studies conducted in the Chesapeake Bay

support these conclusions They suggest that larger males

ages IIIIV move greater distances within the Bay than

smaller males youngofyear and age II138147 Striped

bass from the James and York Rivers also tend to migrate

northward into the Bay proper147

Virginia also began a generalized trawl survey in 1955

designed to monitor many fish and invertebrate species40

The gap in the seine survey coupled with recent fishing

restrictions makes it impossible to correlate the Virginia

seining index with commercial landings But Virginias

annual trawling and seining indices are positivelycorrelatedP = 0004 r
2 = 057 Correlating the trawl

survey

with commercial landings has produced mixed results

with no relationship in the York River but a strong

relationship in the Rappahannock River where a sharp

peak in the juvenile index in 1970 was followed by a peak

in commercial landings four years later
40

LIFE HISTORY

Recruitment and the Maryland Juvenile

Seining Index
The only available measure of recruitment of upper Bay

striped bass into the fishable population is the Maryland

juvenile seining index JI Table 1 This index is based on

the average catch of youngofyear striped bass per seine

haul at 22 permanent stations in four major spawning

areas in Maryland waters of the Bay and its tidal tributaries

Begun in 1954 it is the only juvenile index of Atlantic

anadromous stocks which has correlated significantly

with subsequent commercial landings93963186206 The

J
I

two to five years prior to the
year of commercial landings

explained 83 of the variation in Maryland landings

during the period 1963198370 From 1973 through 1983

when the commercial fishery caught primarily younger

striped bass 84 of the variation in landings could be

attributed to the

J
I two and three years prior to thecommercial

landings which indicated increased fishingmortalityduring this time•0

The ASMFC adopted the Maryland J
I as part

of its Interstate

Striped Bass FisheriesManagement Plan Amendment 3 to

the ASMFC Plan required the states to reduce fishing

mortality on the 1982 year class females and females of

all subsequent year classes by 95 until the females of

these year classes have an opportunity to reproduce at

least once This objective was intended to apply to the

fishery until the 3year running average of the Maryland

J
I attained 8040 which would approximate historical

levels of recruitment

Spawning
Striped bass spawn in the Chesapeake Bay area from early

to midApril through to the end of May primarily in tidal

freshwater areas just above the salt wedge Majorspawningareas Map Appendix include the James Pamunkey

Mattaponi Rappahannock Patuxent and Potomac Rivers

on the Western Shore the head of the Bay with the

Susquehanna Flats Elk River Chesapeake and Delaware

C D Canal and the Choptank and Nanticoke Rivers

on the Eastern Shore139 personal communication Harley

Speir MDNR 1987

Spawning activity apparently is triggered by a rise in water

temperatures Throughout their range striped bass spawn
at water temperatures ranging from 1124°C peakspawningin the Chesapeake Bay area occurs at watertemperaturesof 1419°C209 Table 2 Spawning times may vary

fromyear to year due to annual temperature variations In

Chesapeake Bay one to three peaks occur during each

spawning season with the major peak occurring any time

from midApril through the first weeks of May 102174211228

Incubation and Hatching
Striped bass eggs hatch from 29 22°C to 80 h 11°Cafter

fertilization The relationship between incubation time

and temperature is

I = 460 T + 1316
where I is incubation time in hours and T is

temperature °C187

Virginia Seining and Trawl Surveys
The juvenile abundance index for Virginia waters of the

Bay is a pooled geometric mean of beach seine surveys

conducted during the summer in the three major Virginia

spawning areas the James York including stations on

the Pamunkey and Mattaponi and Rappahannock Rivers

The survey was conducted from 19671973 discontinued

for seven years and resumed in 1980 The Virginia seining

index has increased steadily since 1981 and reached its

highest value 158 striped bass per haul in 1987191

At hatching striped bass larvae range from 2037 mmTL

and
average 31 mm The mouth has not yet formed the

mouth forms in 24 days and the eyes are unpigmented

Eye pigmentation occurs around 5 mm TL Nourishment

is derived from a very large initially oval yolk mass with

a large oil globule projecting beyond the head or at least

anterior to the eyes84 Striped bass larvae retain yolk

material and the oil globule much longer than other

Morone spp traces of oil usually can be found in the

livers of larvae less than 10 mm TL
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Eggs produced by striped bass females weighing 10

pounds 45 kg or more are larger have greater amounts

of yolk and oil reserve and have a greater probability of

hatching than eggs produced by females weighing less

than 10 pounds244 Striped bass spawned fromthese larger

females are larger at five days posthatch than larvae

spawned from smaller females These larger larvae with

their greater food reserves may be able to withstand food

deprivation for a longer period of time than larvae hatched

from smaller eggs Thus the age structure of a striped bass

stock may affect not only its population fecundity but also

its viable egg production
58197199244

significantly correlated to the Choptank J
I P < 005 and

the catch of striped bass larvae and early juveniles during

the last week of May and first week of June is correlated

strongly with the Choptank J
I P < 0003

As striped bass larvae grow they are found progressively

deeper in the water column During the day greatest

densities are found near the bottom larval densities from

both middepth and bottom samples were significantly

greater
than densities from surface samples162 Greatest

densities of 812 mm striped bass larvae were at middepth

during daylight hours greatest densities of larger larvae

tended toward the bottom102

The
percentage

of viable eggs does not track yearclass

success as indicated by Marylands JI Thus the annual

percentage of viable eggs collected in the Nanticokeestuaryfrom 19621980 ranged from 116 in 1969 a year

of average recruitment to 757 in 1977 a year
of poor

recruitment No declining trend in the viability of striped

bass eggs is apparent in the upper Bay143

Larvae

Typically striped bass larvae begin feeding about five days

after hatching at a size of 5 min TL depending on water

temperature209 Temperature also affects the one month

approximate duration of the larval stage

Growth rates of ten otolithaged cohorts of larvae from the

Potomac River in 1987 averaged 028 mmd and ranged

from 018043 mm V Variability in growth rates among
cohorts makes it impossible to differentiate all spawning

cohorts from larval lengthfrequency distributionsespeciallyover a protracted spawning season Predicted

lengths of striped bass larvae at 30 days posthatch from

cohortspecific regressions ranged from 106154 mm
standard length SL predicted ages of 150 mm larvae

ranged from 2955 days posthatch103

A study of Choptank River larvae from 198085 found

instantaneous growth rates derived from increases in

weekly mean lengths ranged from 031 056 mm d1 in

1985 to 021 and 022 037040 mind1 in 1981 and 1980

respectively228 see Water Quality for a discussion of the

impact of light and turbidity on feeding and growth rates

The Choptank River studies showed that yearclasssuccessas measured by the JI is established by the late larval

or early juvenile stage and is correlated with minimum

water temperature during the peak spawning period and

rainfall during the early postlarval period

J
I = 278T 207R 278

r
2 = 095 p < 001 df = 4 where T is temperature

°C and R is rainfall cm228

Survival of striped bass larvae depends primarily upon
events during the first three weeks of life 118 The relative

yearly abundance of striped bass larvae from 1023 mm is

Instantaneous daily mortality Z rates of 12 striped bass

larval cohorts identified in the Potomac River in 1987

ranged from 00480917 Mortality rates of eight cohorts

observed on three or more weekly sampling cruises

averaged 0197 199 d1 and ranged from Z = 0082 to

Z = 0388 No striped bass hatched prior to April 24

survived to 15 or 20 days posthatch age103

Most potential striped bass recruits fromthe 1987spawningseason on the Potomac larvae 20 days or older were

hatched from April 24th through May 17th None of the

cohorts dominated potential recruitment although the

April 2729 cohort was most abundant in Tucker trawl

catches in early June 103

Daily losses of 612 mm TL striped bass larvae in the

Choptank River ranged from 54 d1 in 1985 Z = 0055
to 193 d1 Z = 0222 in 1980228 Although there is a

propensity for episodic mortalities during early life history

stages the major controls on larval abundance andeventual
recruitment may result from subtle amongcohort

differences in daily growth or mortality rates Smallchangesin growth or mortality rates of only 5 d1 can generate

orderofmagnitude differences in expected cohortsurvivalat metamorphosis The variability in Z dailyinstantaneous
mortality rate seems especially important for

striped bass 10100101103

Juveniles

Striped bass larvae begin metamorphosis to the juvenile

stage at 20 mm 1720 mm larvae move inshore and

spend the summer and early fall in shoal waters less than

six feet 18 m deep211 In the Potomac Riveryoungofyear
striped bass begin this shoreward movement by early

June As juveniles grow they move progressivelydownriver
into low salinity waters2253211

In a twoyear study in the Potomac River more striped bass

juveniles were caught by beach seine than in otter trawls

or bottom sleds 2121Juveniles caught in beach seines had

greater feeding success more food by weight in stomachs

of individual fish than those caught in the trawl and
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bottom sled samples Shallowwater nearshore areas

seem to be preferred habitats of juvenile striped bass2224

Growth rates of youngofyear striped bass from the

Potomac River averaged 07 mm d1 in 1975 and 06 mm
d1 in 1976211 Abundances of subadult striped bass have

been at times sufficient to depress growth ratesTwoyearold striped bass caught in the Patuxent River from

July to November in 1960 did not increase in average size

Shearer et al215 concluded that this observation was

evidence of densitydependent growth

Sexual Maturation
Sexual maturation of striped bass appears related to

latitude or ambient temperatures fish from southern

waters generally mature at an earlier age than those from

regions to the north In the Chesapeake Bay region most

males are sexually mature by ages II or III111 Typically

only sexually mature fish participate in upriver spawning

migrations

Although studies conducted in the 1970s suggestedearliersexual maturity by females111 more recent intensive

spawning stock studies conducted in Maryland waters

suggest that very few females are sexually mature at age
III less than 500 mm TL and that only a small percentage

of age IV females > 500 mm TL return to spawn
Complete recruitment to the spawning stock may not

occur until ages VII or VIII 145146

Fecundity of striped bass

is strongly related to fish size

and thus age Westin and Rogers236 summarizedrelationshipsbetween gonad weight egg number body length

and body weight among striped bass of various ages from

Atlantic coastal populations Goodyear developed a

quantitative relationship between fish size and fecundity

for use in population modeling

Adults
Growth rates and average lengths of both male and female

striped bass from various populations were summarized

by Setzler et al209 After age IV female striped bass from

Chesapeake Bay were larger than males 13
Through age

III annual increments of Chesapeake Bay striped bass

were about 120 mm between ages IV and VII annual

growth increments were 6070 mm and after age VIII

annual increments were generally about 50 mm138

Female striped bass live longer than males most fish age
XI and older are females209 Large striped bass which may
weigh as much as 125 pounds 466 kg are almost

exclusively females the largest male striped bass reported

either in Hudson River or Maryland waters was 110 cm 17
kg6

Mortality estimates of various striped bass populations

were discussed and summarized by ASMFC6 Although an

annual natural mortality of about 15 has been assumed

in numerous modeling studies eg Polgari86 the only

estimates of natural mortality derived from field data are

from Chadwick3 His values range from 1530 and were

established for a number of different ages of California

stocks

Estimates of fishing mortalityon striped bass populations

vary widely from about 20 to over 906

ECOLOGICAL ROLE

Principal Foods
Striped bass larvae begin feeding at approximately five

days posthatch at about 50 mmTL Larvae feed primarily

on copepodite and adult stages of copepods and

cladocerans The calanoid copepod Eurytemora affinis is

a major prey in April Major foods in late May and early

June are the copepods Acartia tonsa and Cyclops spp
and the cladocerans Bosmina longirostris and Daphnia

spp212228 Striped bass larvae and early juveniles reared in

freshwater ponds feed on cladocerans adult copepods

and chironomid larvae62

Results from laboratory experiments demonstrate that

striped bass larvae can forage and grow wellinstantaneous
growth rate G = 0143 to 0179 d1030040 mm

d1 at food concentrations ranging from 50250individualsL1 of the copepod Eurytemora affinis

Copepods were stocked to maintain a 70 nauplii and a

30 copepodite and adult ratio which approximates the

ratio of their life stages in nature37 Such zooplankton
densities either copepods or combined copepods and

cladocerans are typically encountered in Chesapeake

Bay spawning areas when striped bass larvae areabundant211228Thus for example Uphoff228 reported that

zooplankton prey densities in the Choptank River

averaged 71 L1 96 L1 and 288 L1 during the 1983 1984

and 1985 spawning seasons respectively Copepodsconstituted58 53 and 99 of the prey organisms during

these three years the remainder were cladocerans

Juvenile striped bass 25100 mm are nonselective and

flexible in their feeding habits They consume insectlarvaepolychaetes larval fish mysids and amphipods

Oligochaetes and insects were the most abundant prey of

juvenile striped bass in freshwater portions of thePotomac
Estuary whereas amphipods mysidsfish larvae and

to a lesser extent polychaetes and mollusks were more

important in the higher salinity areas24 Fish becomeincreasinglymore important in the diets of juvenile striped

bass larger than 100 mm and by age II striped bass are

primarilypiscivorous12

Adult striped bass in the Bay are piscivorous Fishcomprised955 by weight of the total diet of adult fish99

Changes in striped bass diet reflected seasonal variations
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in Bay fish populations During the summer and fall bay

anchovy and Atlantic menhaden were the dominant prey

by winter larval and juvenile spot and Atlantic croaker

which use the Bay as winter nursery areas dominated the

diet White perch were the most prevalent prey consumed

in the early spring and alewife and blueback herring were

the most abundant prey in late spring and early summer99

Predation
The relative importance of starvation and predation as

major causes of mortality of larval fishes has initiated

much debate and research in recent years
10100107224 After

reviewing the literature Houde100 concluded thatpredation
may be the major cause of larval mortality for species

with relatively robust larvae like striped bass There is

increasing consensus 10107108 that predation typically is

the primarycontributor to mortalityduring egg and larval

stages of teleosts The ability of fish larvae to avoidpredation
depends upon both the size64 and the age30 of the

larvae

Juvenile white perch are potential predators of striped

bass larvae163209 as indicated by their consumption of

large numbers of striped bass larvae in laboratoryexperiments
Although their consumption of striped eggs was

relatively low their predation rate on larvae ages seven to

12 days posthatch DPH increased to about 15 larvae per

15 minutes Predation rates declined on larvae larger than

10 mm SL and 1600 µg dry weight Most striped bass were

no longer vulnerable to predation at 4254 DPH Predation

rates on eggs
and larvae did not differ significantlybetween

large and small females Larvae were lessvulnerable
to predation in darkness than in light Increased

turbidity however resulted in increased rates ofpredationon yolksac larvae163

Laboratory trials50 indicated juveniles or adults of the

following species common in striped bass spawning

areas in the Bay fed on yolksac larvae spottail shiner

satinfin shiner bluegill pumpkinseed tessellated darter

white perch channel catfish and white catfishConsumption
of yolksac larvae by shiners increased as the prey

density increased to a maximum density of 3300 yolksac

larvae
per

m3 Predation rates by satinfin and spottail

shiners reached maximums of 81 and 150 larvae per

predator per hour respectively At ambient densities of

striped bass larvae found in the Pamunkey River 20100

larvae per m3 consumption by spottail and satinfin

shiner ranged from 01001so

There is limited evidence of predation on striped bass

yolksac larvae prolarvae by predatory copepods The

predatory copepod Cyclops bicuspidatus thomasi was

found attached to both larval striped bass and white perch

in the Chesapeake and Delaware Canal However this

may have been an artifact caused by retention of both fish

larvae and copepods in the collection gear for several

minutes The cyclopoid copepod Acanthocyclopsvernalisattached to and killed striped bass yolksac larvae

when both species were placed in laboratory

aquariums150

It is extremely difficult if not impossible to demonstrate

conclusively predation on striped bass larvae in field

studies It is difficult enough to differentiate between

striped bass and white perch larvae in preserved samples

let alone attempt to identify partially digested Morone

larvae in a predators stomach Immunological techniques

might be useful in producing evidence of predation on

larval striped bass

Starvation

Striped bass larvae have been found in poor nutritional

condition in major nursery areas of the Bay The majority

of striped bass larvae caught in the Potomac estuary

during 1981 and in the Choptank estuary during 1983 and

1984 were in poor nutritional condition according to

studies by histological and morphometric techniques214

Results of fatty acid analyses from laboratory studies14°141

and field studies214 indicated that firstfeeding striped bass

larvae were susceptible to starvation older larger larvae

were more resistant to starvation The poor condition of

striped bass or any other fish larvae certainly adversely

affects their chances for survival whether they succumb

directly to starvation or whether the decreased growth

rates of starved larvae make them more vulnerable to

predation disease and poor water quality

HABITAT REQUIREMENTS

Water Quality
Table 2 summarizes water quality conditions favorable to

the survival of striped bass eggs larvae and juveniles the

most sensitive life stages of striped bass Although survival

in these early stages may occur outside some of the limits

in Table 2 such conditions could be stressful A discussion

of suitable water quality parameters
and stressfulconditions

for both striped larvae and juveniles follows

Dissolved Oxygen
Dissolved oxygen concentrations > 5 mgL1 arerecommendedfor all life stages of striped bass18 Table 2
Although Harrell and Bayless85 reported that striped bass

eggs could hatch at 3 mgLr DO at approximately 19°C

Turner and Farley225 found that DO < 4 mgL1 caused

deformities and reduced the hatch of striped bass eggs at

18°C Other authors conclude that DO of at least 4950

mgL118°C is required for normal hatching175

Suitable DO for striped bass larvae and juveniles is 56

mgL1 Table 2 Yolksac larvae do not survive at 24 mgL1
DO at 18°C201 Mortality of juvenile striped bass occurs at

DO < 30 mgL1 3842124 DO > 36 mgL is required for

survival of juvenile striped bass23 Low DO adversely
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affects appetite95 Juvenile striped bass acclimated at 18°C

generally avoid DO of 3840 mgL14144 of saturation

in experimental gradients
155

With one exception striped bass were collected in the

Patuxent River only from locations with DO > 6 mgL1
during the 198889 intensive trawl survey Likewise most

striped bass caught in the Choptank River and the Upper

Bay during this trawl survey occurred at DO of 6 mgL1
or greater20 Striped bass of all ages avoid waters with DO
< 34 mgL 3542202

Salinity

Salinity stabilizes pH and provides osmotic balance Low

salinities apparently enhance survival of striped bass

eggs11167 although most striped bass spawning in the

Chesapeake Bay area occurs in tidal fresh water A survey

of 57 striped bass hatcheries in the United States indicated

that salinity of 05 ppt or greater was the most important

factor influencing survival66 Salinities from 210 pptenhancedsurvival of eggs larvae and juveniles in

hatcheries 20116

Low salinity increases both growth and survival rates of

striped bass larvae Optimal salinities for growth and

survival ranged from 37 ppt larvae tolerated salinities

from 015 ppt1 Several studies concluded that low

salinities of 1023 ppt are optimal for survival of striped

bass larvae 1168
Greater survival of larvae occurred at 8 ppt

than in fresh water28 However Bayless14 and Morgan et

al68 concluded that salinities of 10105 ppt were optimal

for survival of larvae

Most striped bass caught during the 1989 trawl survey

occurred at salinities of 1215 ppt Patuxent 39 ppt

Choptank and 012 ppt upper Bay 102

Suspended Sediments and Turbidity

High concentrations of suspended solids 1000 mgL
significantly reduced hatching of striped bass eggsConcentrationsof 500 and 1000 mgL of suspended solids

reduced the survival of striped bass larvae Morgan et

al168 reported a 48 h LD50 of 3411 mgL of suspended

solids clay and silt

Increased turbidity concentrations can adversely affect the

ability of striped bass larvae to capture some types
of

zooplankton prey When larvae were fed natural prey

assemblages primarily copepods they consumedapproximately40 fewer
prey

in suspended solidsconcentrations
of 200 and 500 mgL1 than in concentrations

of 0 or 75 mgLU In contrast larvae fed the cladoceran

Daphnia pulex captured the same average number of

prey at all suspended solids concentrations tested26

Concentrations of suspended solids sediment detritus

and phytoplankton reported in spawning areas of the

Bay and its tributaries range from less than 10 to several

hundred mgL1 Suspended solids in the spawning reaches

of the Choptank River during 1983 and 1984 two wet

years with greater than average streamflow ranged from

8522 mgL 26

Differences in the effects of turbidity on the susceptibility

of copepods and cladocerans to predation may beimportantin nursery areas26 Changes in the nutritionalcondition
of striped bass larvae in the Potomac estuaryparalleled
changes in densities of cladocerans even though

combined densities of copepods and cladocerans were

relatively constant42 High turbidity may contribute to

larval starvation or poor condition in spawning areas

where copepods are abundant but cladocerans are scarce

High turbidity may have a less adverse impact in areas

where cladoceran prey are abundant26

Light

Laboratory studies of growth and survival at variable

conditions of light food level and turbidity have shown
that light is the most important variable affecting ability of

striped bass larvae to feed and grow37 Some striped bass

larvae grew and survived under all conditions tested

including low light 04 lux turbidturbulent conditions

and complete darkness Turbidity light intensity and

turbulence all significantly affected the growth of striped

bass larvae over the first 25 days posthatch but none of

these factors had a significant effect on survival rate at a

food concentration of 100 E affinis L1 Instantaneous

growth coefficients varied fivefold ranging from a low of

0021 d1 at 04 lux to 0103 d in the 450 lux 150 mgI1
kaolin turbidity treatment Growth rates of individuallarvaealso varied five to sixfold in these controlled

laboratory experiments37

Temperature
Temperatures 5 12°C are considered lethal to striped bass

eggs and larvae48 and have been a suspected cause of high

mortalities of eggs yolksac larvae prolarvae and early

postlarvae in the upper Bay 17
the Potomac River8081103

the Choptank River228 and elsewhere 2113132
Lethal low

water temperatures resulted in a 65 loss of striped bass

egg production in the Potomac River in 1987103 A drop in

water temperature from 170 to 113°C within 36 h killed

almost all yolksac larvae in the Chesapeake and

Delaware CD Canal in late April 1976 several days

after the onset of peak spawning activity
17

Striped bass

yearclass success on the Choptank River during19801985was significantly related to minimumwatertemperatures
during peak spawning periods Low watertemperatures1112°C reduced survival of both

eggs and yolk sac

larvae228

Laboratory studies indicate that water temperatures <1112°Ci666798200and > 23°C55 to 27°C166 are lethal to

striped bass eggs Eggs and larvae from the CD Canal in
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Maryland and the Brookneal Hatchery in Virginia reared

at 12°C had lower egg hatchability and prolarvae survival

and growth than those reared at 1420°C167

Optimal temperatures for larvae
range from 1821°C20°

although larvae can tolerate water temperatures from1223°C55
Larvae are stressed at temperatures of 10°C113

upper lethal limits 48 h LC50 range from 289328°C114

in the atmosphere43 It is likely that low pH with or

without the influence of aluminum27 can create toxic

conditions in these rivers during the time of spring runoff

the beginning of the striped bass spawning season Even

during relatively dry springs pH on the spawning grounds

in Eastern Shore tributaries may be marginal Average pH
for stations sampled in peak spawning areas during the

dry spring of 1986 ranged from 600660 in the Nanticoke

River and from 623686 in the Choptank River210213

Maximum growth rates of oneyear old striped bass

juveniles occurred at temperatures of 2426°C47 Growth

rates remained high about 93 and 81 of maximum
for juveniles reared at 235 and 28°C but dropped sharply

to 50 of maximum at temperatures above 30°C148

Juvenile striped bass select temperatures near 25°C154 or

26°C46 in thermal gradient studies Acute shortterm

preferred temperatures of Hudson River juveniles were

2931 2627 2324 and 1417°C for acclimationtemperaturesof 24 2122 17 and 6°C respectively
222

The physiologically optimum temperature range for

striped bass shifts to lower temperatures as the fish grow
for first

year juveniles it is near 26°C46 whereas it is near

2024°C for juveniles in their second year45 and 2022°C

for adults207 Older juveniles and adults avoidtemperaturesabove 25°C when cooler water is available44

pH
A pH range of 7095 is recommended for striped bass

culture20116 Water from productive striped bass

hatcheries surveyed by Parker83 had slightly basic water

mean pH 73 whereas waters from less productive

hatcheries were acidic mean pH 64

Striped bass larvae are adversely affected by even slightly

acidic pH levels pH < 60 is lethal to larvae151 Elevenday

old striped bass larvae suffered 100 mortality after a

twoday exposure to pH 55 and a sevenday exposure

to pH 65 resulted in 89 mortality of 19day old larvae52

Salinity protects striped bass larvae against the toxiceffects
of low pH in laboratory experiments In Chesapeake

Bay the presence of salinity produces sufficient buffering

capacity such that the pH of even slightly saline waters is

neutral or slightly basic210213

Slightly acidic pH also increases the mobilization of toxic

metals such as aluminum Thus for example 11day old

striped bass larvae suffered 21 mortality at pH 65 The

addition of 200 ggL aluminum at the same pH however

resulted in 99 mortality151

Poorlybuffered Eastern Shore tributaries such as the

Choptank and the Nanticoke Rivers are susceptible to

episodic drops in pH especially during wet years The pH
of rainfall in the Chesapeake Bay area averages 40 with

individual events as low as 30 pH of normal rainfall is

5054 due to naturally occurring organic acids and CO2

Juvenile striped bass are more resistent to acidicconditions
than larvae Exposure of juvenile striped bass to pH

55 for seven days resulted in no significant increase in

mortality152However juvenile striped bass died after a 24

h exposure to pH 53221

Hardness and Alkalinity

Striped bass larvae survive better in hard water than in soft

water67 Hardness > 150 mgL is recommended forculturing
striped bass and hardness < 2530 mgL1 can lead to

significant mortality unless salt is added20116 Striped bass

larvae suffered 80 mortalityafter fourday exposures to

346 mgL1 CaCO328 Striped bass larvae reared infreshwaterwith less than 60 mgL1 CaCO3 for five days suffered

greater than 90 mortality205 Prolarvae reared inNanticoke
River water with hardness ranging from2320 mgL

suffered high mortality79 Juvenile striped bass reared at

2530 mgL hardness suffered greater mortality than

juveniles reared at 150200 mgL1 CaCO388

Water quality contributed to poor yearclass success in the

Choptank River especially in 1983 and 1984 During the

1983 spawning season hardness measurements in the

Choptank River never exceeded 150 mgL1 80were < 60

mgL1 and 20 of the measurements were < 30 mgL1
More than half of the 1984 water samples during the

spawning season were < 60 mgL hardness whereas in

1985 there were no samples < 60 mgL1228

Alkalinities > 150 mgL are recommended for intensive

striped bass culture116 and concentrations < 81 mgL
have been associated with poor hatchery production183

Alkalinities in the Choptank River during the 19831985

spawning seasons ranged from 1037 mgL1 This range is

below the recommended culture value and is the level

found in poorly producing hatcheries228

Structural Habitat

Depth
Adult striped bass are found in a variety of inshore habitats

such as sandy beaches rocky shorelines shallow water

deep trenches bays and rivers During a recent intensive

trawl survey striped bass were caught at depths of 321 m
the largest catches occurred a

t

depths of 613 m in the

Patuxent 311 m in the Choptank and 458 m in the

upper Bay above the Bay Bridge202 In winter during the

coldest weather striped bass concentrate in waters > 9 m
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deep where temperatures are somewhat warmer than

those at the surface During warmer periods theoverwinteringfish often move out of the deep waters in search

of food

Flow Temperature and Reproduction
Hatchability of striped bass eggs and survival of larvae to

the juvenile stage is strongly affected by environmental

variables Both the velocity and flow of freshwater are

apparently related to successful spawning
165586137187

Colder than normal winter temperatures December and

greater than normal riverflow during April wereassociatedwith dominant
year

classes of striped bass in the

Potomac estuary
25161226 However this relationship does

not appear to hold for upper Chesapeake Bay personal

communication Walter Boynton Chesapeake Biological

Laboratory Climatic factors specifically previous

December temperatures April temperatures and April

river flow most significantly affected striped bass stocks in

the Potomac River from 19291976 pollution variables

were not significant
188

SPECIAL PROBLEMS

Nine factors initially were hypothesized to explain

population declines of striped bass in the Chesapeake and

Roanoke stocks during the late 1970s and the early 1980s

1 toxic contaminants 2 starvation of larvae 3overexploitation4 predation of larvae 5 unfavorable

climatic events 6 changes in water use practices 7
competition with other species for food and space and

poor water quality due to 8 agricultural runoff and 9
sewage treatment practices

191227 Table 3 presents a

simplified summary of the research results to date from

the examination of these hypotheses

Starvation and predation of larvae are discussed above

Ecological Role

Overfishing
Excessive fishing mortality is thought to be thepredominant

cause of the coastwide decline of adult striped

bass in the late 1970s and the early 1980x6110143 Male

striped bass of the dominant 1970 yearclass were

removed by the Potomac River fishery at a rate of 6070
per year at ages III and IV 120 The MDNR estimated a total

annual mortality rate of 452 for age VI females of the

1970 year class and a rate as high as 927 for age V males

of the same year
class Approximately 63 of available

males and 58 of available females were harvestedannuallyduring 19821985 in the upper Bay° It is likely

that fishing mortality increased during the 1970s beyond

earlier levels particularly for adult females which were

exploited most heavily along the Atlantic Coast by the

recreational hook and line fishery63 Both the numbers of

recreational fishermen57 and their efficiency63 increased

during the 1970s This increased fishing mortality resulted

in critically low numbers of females on three of the four

major spawning areas Potomac and Nanticoke Rivers

and upper Bay in Maryland during 1985143

Historically striped bass have been subjected both to

growth overfishing fishing too small a fish for optimum

yield and recruitment overfishing not allowing enough

fish to successfully spawn Both commercial andrecreational
fisheries depend upon the occurrence of periodic

dominant year classes to sustain population levels63

Dominant
year classes in Maryland occurred in 1958

1964 1966 and 1970 The dominant year
class in 1970

resulted in peak commercial landings in 1973 of 56millionpounds Maryland commercial landings declined to

359000 pounds excluding the Potomac River ten years

later This decreasing trend in landings was preceded by

a constant decrease in the

J
I from 304 in 1970 to 14 in

1983 Commercial landings increased to 800000 pounds

in 1984 as a result of the partial recruitment of the 1982

year class to the fishery
145

Peak Virginia harvests occurred in 1963 1966 1969 and

1973219 Virginia commercial landings also have declined

precipitously in the last two decades The commercial

striped bass fishery in the James River was closed in 1976

because of kepone contamination

Historically both Maryland and Virginia experienced

depressions in catches in the early to mid1930s and in

the mid1950s219 Stock levels were so low by the early

1980s however that Maryland issued a total moratorium

on the catch sale or possession of striped bass in the State

effective January 1 1985

In addition to the commercial fishery substantialquantitiesof striped bass have been harvested annually in the

recreational fishery During the 1970s for the entireAtlantic
Coast the recreational striped bass catch exceeded

the commercial catch by as much as 4714 Estimates of

the recreational catch in Maryland range from twice the

commercial catch in 1962 93 million pounds59 and 12
times the commercial catch in 1976 22 million

pounds218 to 70 of the commercial catch in 1979

657000 pounds238 The magnitude of the Virginia

recreational harvest is unknown

Rago et al191 summarized the recent coastwidemanagement
strategy

In response to the decline in commercial harvest and the

perceived decline in the production of juvenile striped

bass in the late 1970s the ASMFC prepared a coastwide

management plan for the anadromous stocks of striped

bass Roanoke Chesapeake Delaware and Hudson
along the Atlantic Coast as part of its Interstate Fishery

Management Program
5

Congress passed legislation in

1984 and 1988 enabling Federal imposition of amora1310
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torium on striped bass fishing in those states that fail to

comply with the coastwide plan191

A number of state regulations affecting striped bass fishing

were imposed as a result of the ASMFC striped bass

management plan Additionally Virginia imposed a total

moratorium on the striped bass fishery on June 1 1989

Because Virginia does not allow fishing for striped bass

from December 1 through May 31 the Virginiamoratorium
essentially has been in effect since December 1

1988

The Scientific and Statistical SS Committee of the

ASMFC proposed a limited harvest of striped bass that

would still permit the population to grow to fully restored

status This limited fishery would be implemented when

Marylands youngofyear recruitment JI reached a3year
running average of 80 The SS Committeerecommendedand the ASMFC accepted a transitioninstantaneous

fishing mortality rate F of 025 which is the

equivalent of about 18 of legalsized fish beingharvested
annually Additionally about 18 of striped bass

die annually from natural causes such as disease and

predation

Although annual reproductive success in Maryland was

relatively low during the early moratorium years of19851988one of the largest year
classes on record was

produced in 1989

J
I = 252 Table 1 As a result of this

high reproductive success in the upper Bay andespeciallyinthe Choptank River the Maryland threeyear running

average J
I exceeded the trigger value of 80 providing

enough recovery for a limited recreational andcommercial
fishery in the Chesapeake Bay in 199091 There were

over 250000 recreational fishing trips in the Bay and its

tributaries during Marylands recreational season inOctober1990 Fishing pressure was so great and projected

catch rates were so high that the State had to close the

recreational fishery after only 16 days Even sorecreational
catches exceeded the 318750 pound quota by 95000

pounds204 The charter boat fishery estimated catch was

98000 pounds 87 of their allowable quota

Commercial striped bass landings in Maryland were lower

than anticipated Reported commerical harvest in the Bay
and its tributaries was 130900 pounds 41 of the allotted

quota of 318750 pounds Commercial harvest in theVirginia
portion of the Bay was larger and exceeded the

211000 pound quota by 53000 pounds 25 even

though the Virginia commercial season was closed after

only five days

during the limited 199091 season Additionally MDNR

estimates an additional 181526 pounds of striped bass in

the Maryland portion of the Bay were lost due to the

combined affects of bycatch and poaching mortality

Approximately half of this mortality was a result of the

bycatch mortality in the Maryland 1990 white perch gill

net fishery assumes 47 mortalityof striped bass caught

in
gill nets214

Interim Stocking Program in Chesapeake
Bay
Maryland Virginia and the US Fish and Wildlife Service

are jointly conducting a program of artificial propagation

to supplement the Chesapeake Bay spawning stock Since

1985 25 million striped bass have been stocked primarily

in the Patuxent and the Nanticoke Rivers and the upper

Bay Recovery of phase I fingerlings stocked at a size of

3550 mm TL in the Patuxent River during 1988 was

sufficient to evaluate inriver survival afterstocking Phase

I juveniles suffered about a 24 daily mortality during the

first 85 days after release and 95 of all fish stocked

remained within 10 miles 16 km upstream or

downstream of stocking locations191

Contaminants

Toxicity to Single Contaminants
Table 4 summarizes acute toxicity data for contaminants

most likely to affect striped bass eggs larvae and juveniles

in Chesapeake Bay Although the egg stage is considered

less sensitive than larvae or juveniles it was included

because contaminant exposure to the egg stage mayultimatelyaffect other life
stages Data in Table 4 were

primarily derived from laboratory toxicity studies

Most of the toxicity studies conducted with striped bass

eggs have evaluated effects of either biocides or metals

Ozoneproduced oxidants OPO were more toxic to

striped bass eggs in freshwater than in saltwater 30 h LC50

concentrations were 006 and 021 mgL173 Toxicities of

total residual chlorine TRC to striped bass eggs are

similar ranging from 46 h LC50 of 002022 mgL1 165
to

100 mortality after a 36 h exposure to 006 mgL172 and

77 mortality after a 40 h exposure to 001 mgL1 16o

Dechlorination significantly reduced the toxicity of TRC72

Cadmium dieldrin rotenone and tributyltin were most

acutely toxic 96 h LC50 0001 mgL to striped bass

larvae 105106185 The least toxic compounds expressed as

96 h LC50 were selenate 1320 mg arsenate 1869

mgL1 sulfate 250 mgL1 potassium permanganate 100

mgL and chloride 1000 mgL1105106119

Recreational and charter boat catches in Virginia totaled

80700 pounds Combined commercial and recreational

catches in the Potomac River exceeded allotted quotas by

10 The reopened striped bass fisheries in the Bay and

its tributaries harvested an estimated 1332000 pounds

Endrin endosulfan and DDT were the most acutely toxic

organic compounds to juvenile striped bass 96 h LC50 of

0000094 00001 and 000053 mgL1 respectively
122Cadmiumwas the most toxic metal tested LC50 00020075

mgL1 depending on hardness and salinity
1o6179243
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Toxicity to Contaminant Mixtures

Assessing the effects of contaminant mixtures on striped

bass survival is a realistic approach because these life

stages are often exposed to several contaminantssimultaneouslyin the environment Chemical mixtures may
exhibit synergistic greater than expected additive as

expected or antagonistic less than expected effects

Burton et al29 evaluated the effects of bleached Kraft mill

effluent BKME on striped bass eggs and prolarvae No

mortality attributable to BKME up to 20 by volume was

reported in three separate egg studies with continuous

exposure from the time of fertilization through hatch

However BKME concentrations ranging from 820 by

volume caused significant mortalityof prolarvae after 72

h exposures

The effects of an organicinorganic chemical contaminant

mixture were evaluated on percent fertilization percent

hatch and prolarval survival of striped bass77 All dilutions

of the contaminant mixture were considered to be realistic

for Chesapeake Bay striped bass spawning areas Percent

fertilization 24 h exposure and percent hatch 48 h

exposure were not significantly affected by variousdilutionsof the contaminant mixture The full strengthcontaminant
mixture significantly reduced survival of striped

bass prolarvae after 144 h of continuous exposure from

the time of fertilization

Mehrle et al153 exposed striped bass larvae to a mixture

of organic and inorganic contaminants in fresh well water

and 2 ppt saline water This organicinorganic mixture

was selected to simulate contaminant conditions reported

in Chesapeake Bay striped bass spawning areas Larvae

were most susceptible to the contaminant mixture in fresh

water Thirtyday exposures at two and four times the

environmental concentration 2x and 4x causedsignificant
mortality A contaminant mixture concentration of

4x caused significant mortality in 30 d at 2 ppt salinity

Ninetyday exposures at 2x and 4x caused significant

mortality in 5 ppt salinity

In situ caged and onsite laboratory experiments in

Chesapeake Bay spawning areas have demonstrated that

survival of early life stages of striped bass can besignificantlyreduced by low pH soft fresh water and heavy

metals in the Nanticoke and Choptank Rivers and by
contaminants and sudden decreases in water temperature

in the Potomac River

Water in the Nanticoke and Choptank Rivers wasextremelytoxic to striped bass prolarvae in 1984 and 1987 and in

the Nanticoke in 1986 when experiments were notconducted
in Choptank Suspected causes of mortalityincludedlow pH dissolved aluminum and soft poorly

buffered fresh water in 1984 low pH in 1986 and low

pH soft water and high concentrations of aluminum

cadmium and copper in 1987

Studies conducted in the Potomac River in 1986demonstrated
significant mortality of both prolarvae andjuveniles76151Poor survival of prolarvae was likely caused by

inorganic contaminants such as monomeric aluminum 90

tgL1 cadmium 7 ggL1 and copper 72 µgL1 and by
sudden decreases in temperature below 11°C In a

separate study Wright242 demonstrated that both copper
and cadmium concentrations from tissues of striped bass

larvae collected in the Potomac River in 1986 wereapproachingtissue concentrations found in larvae exposed

to potentially toxic concentrations of these metals in the

laboratory Likewise in 1988 significant mortality of both

prolarvae and juveniles in the Potomac was attributed to

potentially toxic concentrations of cadmium lead and

chlordane along with sudden drops in watertemperature80
Compounding factors in interpreting the results of many
of these field toxicity studies have been the

presence
of

fresh water with
very

low buffering capacity in the nursery

areas of the Choptank and Nanticoke Rivers drops in

water
temperature to 10°C during some portion of the

experiments in the Potomac River during both 1986 and

1988 and temperature drops to 11°C in the Choptank
River in 1987 Exposure of striped bass eggs and prolarvae

to soft fresh water with even slightly acidic pH results in

high mortalities202866116151

Eutrophication
There is increasing concern that low DO in the deeper

waters of the upper Bay has eliminated much of the

summer habitat of subadult and adult striped

bass424344189

As eutrophication of the upper Bay has intensified the

volume of deep residual cool water roughly the area from

Tilghman Island to Rock Hall and centered nearAnnapoliswith suitable DO for larger striped bass has

diminished progressively Summer resident adult andsubadult
striped bass thus are forced to occupy warmer

temperatures or areas of lower DO with resulting

physiological stress which may impairtheir reproductive

capacity44

The Broomes Island area of the Patuxent River is no longer

acceptable summer habitat for striped bass and white

perch237 White perch hogchokers and striped bass

dominated monthly trawl catches at Broomes Island from

19651968 but in the 19881989 monthly trawl survey

striped bass and white perch were extremely rare

Dominant species during the 19881989 trawl survey were

spot bay anchovy and weakfish Spot and bay anchovy15

are pollution tolerant species Spot now the dominant

species in the middle Patuxent estuary is one of the most
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tolerant species to low DO during the 19881989 trawl

survey spot were most abundant at DO > 15 mgL 202

There has been a threemonth phase shift in the seasonal

species diversity cycle in the Broomes Island area during

the last two decades During 19651968 species diversity

indices were lowest in January and highest in late June

and early July both at Broomes Island and upriver at

Benedict Bridge By 19881989 the time of the lowest

species diversity shifted from January to April and the

highest diversity shifted from July to October at Broomes

Island Upriver at Benedict Bridge although the seasonal

cycle of species diversity did not change there was a small

but significant decrease in species diversity in the summer
months237 for further discussion of changes in the fish

community in the Benedict area see WHITE PERCH Special

Problems this volume

Diseases
Parasitic and microbial infections usually are not intense

enough to cause mortality among wild populations of

striped bass unless other stressors are present Few studies

have been conducted in the Bay to evaluate the effects of

contaminant stress on the susceptibility of striped bass to

disease Exposure of juvenile striped bass to sublethal

total residual chlorine concentrations of 005023 mgL1
did not increase their susceptibility to infection with the

bacterial pathogen Vibrio anguillarium93 Exposure of

youngofyear striped bass to a mixture of arseniccadmiumcopper lead and selenium at 4 and 10 times the

average environmental concentrations of 13 µgL1

protected the fish from experimental infection with

Flexibacter columnaris the causal organism ofcolumnarisdisease When tested singly copper was the only

metal that protected against infection arsenic increased

the susceptibility of striped bass to infection134

The Patuxent River has changed greatly in the last 50 years

as a result of increasing nutrient inputs and eutrophica

tion52 Chlorophyll a concentrations in surface waters at

Broomes Island increased from 3040 µgL1 duringMayJuly1968 to 17138 µgL1 in 1978 Dissolved oxygen in

bottom waters in the vicinity of both Broomes Island and

Benedict Bridge was much lower in 197779 than in

19364090 During JulySeptember 1988 bottom DO < 2

mgL1 was found in depths as shallow as 42 m237

Severe declines in submerged aquatic vegetation caused

by nutrientdriven planktonic and epiphyte shading115

have resulted in changes in the nearshore habitat of

juvenile striped bass The lack of suitable cover in these

shoal areas increases in the vulnerability of juvenile

striped bass to predation and may be a factor contributing

to the decline of striped bass189

Global Warming
A recent paper predicts a major loss of habitat for striped

bass in the Chesapeake Bay during the next century

because of expected global warming Coutant43 examined

changes in Atlantic coast distributions of striped bass

resulting from a doubling of atmospheric carbon dioxide

as predicted by two global climate models According to

both models the doubling of atmospheric carbon dioxide

would produce water temperatures above 25°C fromearly

July through midSeptember in the entire Chesapeake

Bay

The expanding anoxia in the deeper waters of the Bay

over the past two decades173
89

also may be intensified by

climatic warming This scenario would probably force all

large striped bass to migrate from the Bay into coastal

waters during the summer months On the positive side

however conditions in the Bay during the remainder of

the year might be more suitable for striped bass closer

to the thermal niche than they are now and thus might

promote higher annual striped bass production45

Opportunistic fish pathogens were 1001000 times higher

in striped bass from the Hudson River a highly polluted

habitat than in striped bass from Long Island Sound The

high percentage of pathogens in the gut flora of striped

bass from both estuarine and marine environments might

predispose striped bass to bacterial epizootics especially

in conjunction with other environmental stresses 35

Infectious pancreatic necrosis virus IPNV a pathogen of

Atlantic menhaden has been isolated from moribund

striped bass being reared in a hatchery on the Bay208 The

IPN virus did not cause increased mortality inexperimentallyinfected striped bass even when fish exposed to the

virus were stressed by an abrupt change in temperature

or pH231 Striped bass became transiently infected after

waterborne exposure Although youngofyear juveniles

were resistant to waterborne exposure they became

chronic virus carriers following ingestion ofIPNVcontaminatedfood 232233 or inoculation with the virus230232

Most IPNVinoculated fish produced circulatingvirusneutralizing
activity even though virus could still beisolatedfromtheir tissues

232233
Adults did not transmit IPNV

to their progeny233

The IPN virus was not isolated from any of youngofyear

or older striped bass fromChesapeake Bay assayed for the

virus However specific IPNVneutralizing activity was

present in 10 of Ito 3year old striped bass and in one

youngofyear striped bass caught during the winter of

198485 in the upper Bay231 The virus has been isolated

from Atlantic menhaden a major prey of striped bass in

the Bay and Wechsler et al133 hypothesized thatconsumptionof IPNVinfected menhaden resulted in the

presence of the IPNVneutralizing activity found in some

striped bass from the Bay The IPNV isolated from striped

bass and menhaden are closely related to each other and

to the salmonid isolate230 Carrier striped bass can transmit

IPNV to brook trout in the laboratory and IPNV causes
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epizootic mortalities in salmonids 149 Because of the threat

IPNVcarrier striped bass pose to salmonids striped bass

should be assayed for IPNV prior to introduction into

IPNVfree areas230232

RECOMMENDATIONS

Increase Dissolved Oxygen
Dissolved oxygen of at least 5 mgL1 is required for all life

stages of striped bass Increasing belowpycnocline DO
concentrations in summer months to at least 5 mgL1 in the

oligohaline 055 ppt salinity and mesohaline 5118
ppt portions of the Bay will increase suitable summer
habitat for striped bass

Subadult and adult striped bass prefer summer water

temperatures from 2022°C and avoid water temperatures

> 25°C Increasing DO concentrations of the upper Bays

deep residual cool waters to > 5 mgL1 would restore these

important summer habitats of adult and subadult striped

bass

Improve Water Quality in Spawning Areas
Water quality must be improved in spawning areas

Striped bass eggs and larvae are affected adversely by

even slightly acidic pH Suspected causes of mortality of

striped bass prolarvae include low pH and highconcentrationsof aluminum cadmium and copper in the

Choptank and Nanticoke Rivers and aluminumcadmiumcopper lead and chlordane in the Potomac River

Turbidity from runoff should be reduced in nursery areas

Striped bass larvae consumed 40 fewer prey in

suspended solids concentrations of 200 and 500 mgL1
than in concentrations of 0 or 75 mgL1 Suspended solid

concentrations in the spawning reaches of the Choptank

River during 1983 and 1984 ranged from 8522 mgL1

Determine Hatchery Contributions to

Spawning Stocks

Preliminary results from recaptured taggedhatcheryreared
fish indicate that 9 of the midBay spawning

stock ~8 of the commercial harvest and 30 of the

Patuxent River recreational fishery are of hatchery origin

personal communication Ben Florence MDNR June

1991 These hatcheryreared fish are not yet fully

recruited to the Bay spawning population The impact of

hatcheryreared striped bass on the genetic variation of

wild stocks must be determined

Quantify Estimates ofYoungofYear
Recruitment
Mark and recapture studies currently underway in the

Patuxent River with tagged hatcheryreared larvae will

1 provide growth and mortality rates of cohorts of both

wild and hatchery larvae 2 quantify success ofyoungofyearrecruitment and 3 determine hatcherycontribution
to youngofyear recruitment This research needs to

be expanded to other Bay spawning areas to quantify

estimates of youngofyear recruitment ie determine

the true abundance of juvenile striped bass represented

by the JI Quantification is necessary
for more effective

management of Chesapeake Bay stocks of striped bass

Protect Spawning Stocks

The limitedreopening of the Maryland striped bass fishery

provides an opportunity to observe the population effects

of fishing under carefully controlled and monitoredconditionsThe cumulative impact of increased fishingmortalitieson the Chesapeake Bay spawning stock must be

evaluated Although current fishing restrictions generally

appear to be protective the recently initiated May trophy

striped bass fishery in the upper Bay targets older and

larger successful spawners returning from their spawning

migrations Because the trophy fishery targets the most

important component of the spawning stock it should be

evaluated carefully

SUMMARY

Striped bass is an anadromous species found along the

East Coast fromnorthern Florida to the maritime provinces

of Canada Most of the coastal migratory
stock originates

in Chesapeake Bay Prior to the 1985 moratorium striped

bass were the most sought after commercial andrecreationalfinfish in the Maryland portion of the Chesapeake

Bay Overfishing was the major cause of the decline of

striped bass stocks in the mid 1970s The moratorium

allowed the spawning stock to recover to the extent that

a limited commercial and recreational fishery was allowed

in the Bay in 19901991

Striped bass concentrate in areas with DO of at least 6

mgL1 Subadult and adult striped bass prefer water

temperatures of 2022°C and avoid temperatures
> 25°C if

cooler waters with DO > 5mgL1 are available Increased

DO in the cooler deeper waters of upper Chesapeake Bay

would restore suitable summer habitat for adult andsubadult
striped bass
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Table 1 Maryland striped bass juvenile index Youngofyear striped bass per seine haul by area and year

unpublished data MDNR

Year Nanticoke River Choptank River Head of Bay Potomac River Yearly Average Threeyear

average

1954 251 12 09 52 525

1955 59 125 44 57 55

1956 82 98 339 62 152 86
1957 13 21 54 25 39 79
1958 225 195 282 84 193 125

1959 18 01 19 16 14 79
1960 47 90 93 43 71 93
1961 15 60 221 258 170 85
1962 66 61 114 197 122 121

1963 41 54 61 11 40 110

1964 133 106 310 291 235 132

1965 216 95 22 34 74 116

1966 33 136 323 105 167 159

1967 41 53 174 19 78 106

1968 90 63 131 07 72 156

1969 62 48 266 02 105 85
1970 171 572 331 201 304 160

1971 20 63 237 85 118 176

1972 250 110 121 19 110 177

1973 11 10 247 21 89 106

1974 39 153 199 15 101 100

1975 52 47 76 78 67 86
1976 17 24 98 32 49 72

1977 10 12 121 19 48 55
1978 48 60 125 79 85 60

1979 09 28 83 22 40 57

1980 18 10 28 22 20 48
1981 24 13 08 14 12 24
1982 62 130 55 100 84 39

1983 10 09 12 20 14 37
1984 15 28 61 47 42 47

1985 21 37 08 56 29 28
1986 22 05 16 99 41 37
1987 25 121 08 64 48 39
1988 04 07 73 04 27 39

1989 29 978 194 22 252 109

1990

37year

09 31 38 06 21 100

mean 61 99 124 62 90
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Table 2 Habitat requirements for striped bass eggs prolarvae and juveniles The critical period is AprilJune

Turbidity measured as total suspended solids except as noted

Life Stage Temperature Salinity pH Hardness Alkalinity Dissolved oxygen Turbidity

°C ppt mgL
1 CaCO3 mgL1 CaCO3 mgL

EGG 12234855 08166 709520116 >150116 >150116 >50225175110 <10008

optimum 1420167 > 0566

21020116

1821
197

PROLARVA 122355 0151 785 > 15020116 >150116 >50 18°C <1008

optimum 1821200 131168

371

POSTLARVA 122355 0151 785 >15020116 >150116 >50 18°C <<5008

optimum 15221$49 371

1
14167

JUVENILE 102749 01656 79110 >15020116 >150116 >50124 010 claysilt

142112449 < 1212 02000 fine sed
142647
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Table 3 Summary of research conducted on factors responsible for the decline of striped bass in Chesapeake

Bay Modified from Rago et a31

Hypothesis Research Summary

Contaminants

Starvation

Fishing mortality

Predation and competition

larval stage

Climatic events

Water use practices

Disease

In situ and onsite bioassays in spawning

rivers Nanticoke 198488 CD Canal198588Choptank 198788 Potomac 1986 1988

Laboratory experiments pH aluminum and

metals effects for various life stages

Laboratory and field studies

Extensive management changes simulation

modeling

Exposed larvae to a variety o
f

predators in

laboratory studies

Evaluated historical data on pH trends in major

spawning rivers

Evaluated flow conditions in vicinity of CD
Canal

Laboratory studies of IPNV

Toxic conditions in some rivers in some

years No single contaminant isconsistently
responsible for mortality

Highly sensitive to pH 60 and dissolved

aluminum Salinity and organic acids

ameliorate effects

Limited evidence of impact except in

Potomac and Choptank Rivers

firstfeedinglarvae only

Strong evidence of overexploitation that

reduced recruitment Difficult todistinguishfrom effects of other factors

Numerous potential predators butevidence

in field data is lacking

No evidence of systematic decrease in pH

of increased frequency in low pH events

Historical information is insufficient to

detect small or episodic changes

Evidence of transport out of Bay and

entrainment of larvae Overall impact is

uncertain

Nonlethal but striped bass can act as

carriers Potential disease problems inintensive
culture but much lesser problem

in nature
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Table 4 Acute toxicity of selected elements inorganic and organic compounds to striped bass TRC = total

residual chlorine OPO = ozoneproduced oxidants

Substance Life stage Water type Temperature Effect

oC

Concentration

mgL1

Reference

INORGANIC

aluminum larva fresh 100 mort 7 d 030 pH 572 27
fresh 97 mort 7 d 010 pH 65 27

fresh 75 mort 7 d 010 pH 72 27
fresh 100 mort 7 d 00 pH 5055 27
freshnatural52 mort 7 d 00 pH 65 27

soft fresh 135155 >90 mort 012 pH 63 79
juvenile fresh 0 mort 7 d 030 pH 6572 27

fresh 100 mort 7 d 030 pH 55 27

ammonium

fresh 22 mort 7 d 00 pH 55 27

hydroxide juvenile saline 21 96 h LC5o 19285 88
arsenate yolksac larva saline 16215 96 h LC5o 1869 119

juvenile saline 25255 96 h LC5o 1896 119
arsenic juvenile fresh soft 20±2 96 h LC5o 4050 179

fresh hard 20±2 96 h LC50 3050 179
cadmium larva fresh 21 96 h LC50 0001 105

larva 1 d fresh 20 7389 mort 52 h 020 243
larva 7 d fresh 20 mort 120 h 0005 243
juvenile fresh 21 96 h LC5o 0002 106

fresh soft 20±2 96 h LC5o 0004 179

fresh hard 20±2 96 h LC5o 0010 179
1 ppt 20±2 96 h LC50 0075 179
fresh 20 290 h LC5o 0006 243

chloride larva fresh 21 96 h LC5o 1000 105

juvenile fresh 21 96 h LC5o 5000 106
chlorine TRC egg saline 48 h LC5o 020022 165

saline 18195 100 mort 36 h 006 72

saline 1719 0 hatch 40 h 021 160
saline 1719 35 hatch 007 160
saline 1719 23 hatch 001 160

TRC wS02
larva saline 185190 96 h LC75 006 72

dechlorination egg saline 18195 1122 mort 36 h 006200 72
larva saline 20205 96 h LC39 20 72

chlorine larva saline 185190 96 h LC50 014 75

saline 96 h LC50 020 165

saline 18 96 h LC50 incipient 007040 160

juvenile saline 18 96 h LC5o 004 160

juv 60 d saline 2425 96 h LC5o 019 75
juv 388 d saline 96 h LC5o 023 75

chlorine HTH larva fresh 21 96 h LC5o 05 105

juvenile fresh 21 96 h LC5o 025 105
chromium juvenile fresh soft 20±2 96 h LC5o 280 179

fresh hard 20±2 96 h LC5o 380 179

potassium

1 ppt 20±2 96 h LC5o 580 179

dichromate larva fresh 21 96 h LC5o 100 105

juvenile fresh 21 96 h LC5o 75 105

copper egg fresh 1419 48 h LC5o 074 176

larva fresh 21 96 h LC5o 005 105

fresh 1419 48 h LC50 031 176

saline 17 96 h LC5o 024 242
juvenile fresh 21 96 h LC5o 005 106

fresh 17 96 h LC5o 43 195
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Substance Life stage Water type Temperature

°C

Effect Concentration

mgL
Reference

fresh soft 20±2 96 h LC50 0100 179

fresh hard 20±2 96 h LC5o 0270 179

1 ppt 20±2 96 h LC50 0190 179

copper sulfate larva fresh 21 96 h LC5o 01 105

juvenile fresh 21 96 h LC50 015 105

fresh 2122 96 h LC50 06 114

fresh 21 96 h LC5o 062 234

iron larva fresh 21 96 h LC50 40 106

juvenile fresh 21 96 h LC50 60 105

nickel juvenile fresh 17 96 h LC50 62 196

fresh soft 20±2 96 h LC50 39 179

fresh hard 20±2 96 h LC50 330 179

1 ppt 20±2 96 h LC50 210 179

ozone OPO egg fresh 189190 30 h LC50 006 73

35 ppt 41717 5 30 h LC50 021 73

potassium

permanganate larva fresh 21 96 h LC50 100 105

juvenile fresh 21 96 h LC5o 40 105

fresh 21 96 h LC5o 26 114

fresh 21 96 h LC5o 26 234

selenate yolksac larva saline 16215 96 h LC50 979 119

postlarva saline 16215 96 h LC50 1302 119

selenium juvenile fresh soft 20±2 96 h LC5o 1325 179

fresh hard 20±2 96 h LC5o 24 179

saline 20±2 96 h LC5o 1550 179

sulfate larva fresh 21 96 h LC50 250 106

juvenile fresh 21 96 h LC50 3500 106

sulfur dioxide egg saline 18195 821 mort 36 h 006200 72

larva saline 20205 96 h LC50 20 72

zinc egg fresh 1419 48 h LC50 185 176

larva fresh 21 96 h LC5o 01 106

fresh 1419 96 h LC50 118 176

juvenile saline 16 96 h LC50 92 16

fresh 21 96 h LC5o 01 106

fresh 17 96 h LC50 67 196

fresh soft 20±2 96 h LC5o 0120 122

fresh hard 20±2 96 h LC5o 0430 122

1 ppt 20±2 96 h LC5o 0430 122

ORGANIC

24D butyl ester larva fresh 21 96 h LC5o 015 105

juvenile fresh 21 96 h LC5o 30 105

Abate juvenile saline 14 96 h LC5o 10 122

achromycin juvenile fresh 2122 96 h LC5o 190 114

acriflavine larva fresh 21 96 h LC50 50 106

juvenile fresh 21 96 h LC50 275 106

fresh 21 96 h LC5o 160 235

aldrin larva fresh 21 96 h LC5o 001 106

juvenile saline 13 96 h LC5o 00072 122

fresh 21 96 h LC5o 0075 106

fresh 20 96 h LC5o 0010 196

amifur larva fresh 21 96 h LC5o 10 106

juvenile fresh 21 96 h LC5o 300 106

benzene juvenile saline 174 96 h LC5o 109 gL L1 159

saline 16 96 h LC5o 58 gL L 16

carbaryl juvenile saline 17 96 h LC5o 10 122

fresh soft 20±2 96 h LC5o 0760 179

saline 20±2 96 h LC50 23 179

chlordane juvenile saline 15 96 h LC5o 00118 122

CoRal juvenile fresh 21 96 h LC5o 62 235

cutrine juvenile fresh 21 96 h LC5o 01 106
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Substance Life stage Water type Temperature Effect Concentration Reference

cc mgL1

DDD juvenile saline 17 96 h LC50 00025 122

DDT juvenile saline 17 96 h LC5o 000053 122

dibrom juvenile saline 13 96 h LC5o 05 122

dieldrin larva fresh 21 96 h LC50 0001 106

juvenile saline 14 96 h LC50 00197 122

fresh 21 96 h LC5o 025 106

diquat larva fresh 21 96 h LC5o 10 106

juvenile fresh 21 96 h LC50 1009 106

fresh 21 96 h LC50 80 235
diuron Karmex larva fresh 21 96 h LC50 05 105106

juvenile fresh 21 96 h LC50 60 105106
fresh 21 96 h LC50 31 234

Dursban juvenile saline 13 96 h LC50 000058 122

dylox larva fresh 21 96 h LC50 50 106

juvenile fresh 21 96 h LC50 20 105

fresh 21 96 h LC50 52 234
endosulfan juvenile saline 16 96 h LC50 00001 122

endrin juvenile saline 17 96 h LC50 0000094 122

EPN juvenile saline 18 96 h LC50 060 122

ethyl parathion larva fresh 21 96 h LC50 20 105

juvenile fresh 21 96 h LC50 10 105

saline 15 96 h LC50 00178 122

fenthion juvenile saline 13 96 h LC50 0453 122

formaldehyde larva fresh 21 96 h LC50 10 106

juvenile fresh 21 96 h LC50 15 106

fresh 2122 96 h LC50 20 114

fresh 21 96 h LC50 18 234

heptachlor juvenile saline 13 96 h LC50 0003 122

lindane juvenile fresh 21 96 h LC50 040 235
saline 13 96 h LC50 00073 122

malathion juvenile fresh 21 96 h LC50 024 235

saline 13 96 h LC50 0014 122

fresh 20 96 h LC5o 0039 196

fresh soft 20±2 96 h LC50 00245 179

1 ppt 20±2 96 h LC50 0065 179

methoxychlor juvenile saline 15 96 h LC50 00033 122

methyl parathion larva fresh 21 96 h LC50 50 105

juvenile fresh 21 96 h LC50 45 105

saline 13 96 h LC50 079 122
fresh 20 96 h LC50 140 196

oil field brine

as chloride juvenile fresh 21 96 h LC50 75 104

roccal larva fresh 21 96 h LC50 05 106

juvenile fresh 21 96 h LC50 15 106
rotenone larva fresh 21 96 h LC50 0001 106

juvenile fresh 21 96 h LC5o 0001 106

simazine juvenile fresh 21 96 h LC5o 025 234
toluene juvenile saline 16 96 h LC50 73gLL1 16

tributyl tin TBT larva 13 d saline 1820 100 mort 5 d 0002 185
larva 16 d saline 1820 100 mort 6 d 0015 185

toxaphene juvenile saline 17 96 h LC50 00044 122

fresh soft 20±2 96 h LC50 0005 179
1 ppt 20±2 96 h LC50 00076 179

mxylene juvenile saline 16 96 h LC50 92 16
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Percy flavescens

Paul G Piavis
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Stevensville Maryland

ellow perch stocks in Chesapeake Bay havedeclinedclined since the mid1960s The cause for the

decline has not been identified precisely butseveralenvironmental factors undoubtedly hinder stockrecoveryThey include sedimentation from improper land use
decreased spawning habitat caused by stream blockages
and the interaction of metals and acid rain Eutrophication
caused by excessive nutrient loading may adversely affect

yellow perch by decreasing dissolved oxygen which
reduces the forage base for yellow perch

Suitable habitat for yellow perch includes dissolved oxygen
greater than 50 mgL1 summer water temperatures below

30°C and gradually warming water temperatures during egg and larval development March through May
Yellow perch populations appear able to sustain reproducing populations at pH 50 but pH 40 has been
documented after rain events Salinities above 20 ppt reduce hatchability of yellow perch eggs Adults and
juveniles tolerate salinities of 130 ppt

Restoration of yellow perch to historic abundance levels may be accomplished by reducing sedimentation

and eutrophication in the Bay Toxic inputs also must be reduced and suitable yellowperch spawning habitat

must be restored by reducing stream blockage Stock recovery also will require reduced mortality which can
be accomplished primarilyby proper management of the yellow perch fishery

INTRODUCTION

Yellow perch is one of the most important fish species in

the Chesapeake Bay Yellow perch make their spawning

run in late winter thereby providing the earliestopportunityfor sportfishermen to get into the field The early

spawning run has become an important tradition for many
sportsmen This latewinter spawn is equally important for

commercial fishermen Yellow perch are the firstcatchablecommercial fish species of the year The importance
of yellow perch to commercial fishermen has beenamplifiedin light of the moratoria on shad and striped bass

harvest

Chesapeake Bay once sustained a vigorous yellow perch

fishery Commercial fishermen harvested over one million

pounds annually at the turn of the century8 Since then

yellow perch landings have fluctuated but by 1965 the

commercial catch was only 278000 pounds Annual

catches from 1967 to 1970 stabilized at about 110000

pounds Yellow perch catches declined precipitously

from 1973 through 1986 Recently annual catches have

exceeded 40000 pounds Table 1 This increase inlandings

is attributed to increased fishing effort not to a

population increase Since the early 1980s most of the

commercial fishing effort has been centered in the upper

Chesapeake Bay

Yellow perch have become a more important catch for

commercial fishermen since moratoria have beenimposedon striped bass and shad fishing in Maryland Prices

for yellow perch adjusted for inflation were stable at

$011 per pound in the mid1970s but increased to $015

per pound in the mid1980s66 Unadjusted prices for
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yellow perch were approximately $100 per live pound in

1988 1989 and 1990

Total 1990 February income for Maryland yellow perch

commercial fishermen was $20000 unpublished data

Maryland Department of Natural Resources TheFebruarycatch represents less than onehalf of the total annual

commercial catch of yellow perch which is estimated at

$60000

The value of the recreational fishery is extremely hard to

determine The economic value has been reported as the

marginal willingness to pay the amount of money that a

fisherman would pay to catch one yellow perch In 1983

the marginal willingness to pay for yellow perch was $050

in Maryland66 The authors multiplied this figure by the

estimated sportfishing harvest during the nonspawning

season and estimated the yearly value of the Maryland

yellow perch sportfishing industry at $120000

BACKGROUND

The yellow perch is a member of the family Percidae The

family contains 121 species of which approximately 100

are found in North America Percids are found throughout

the northern hemisphere excluding Alaska the western

United States extreme northeast Canada Greenland and

Iceland In the US the percids are represented by the

yellow perch sauger walleye and darters

Yellow perch range
from South Carolina north to Nova

Scotia west through the southern Hudson Bay region and

Saskatchewan and south to the northern half of theMississippi
drainage66 In Maryland yellow perch historically

have been reported in all tributaries to Chesapeake Bay

Map Appendix and the Youghiogheny River system

Ohio River drainage There has been an absence of

spawning in several lower western shore Chesapeake Bay

tributaries over the past several years57

Available data suggest that yellow perch populations are

declining although the rate of decline varies in different

parts of the Chesapeake Bay Spawning occurs inupstreamreaches of most rivers that hold adult yellow perch

Map Appendix Small spawning runs of yellow perch

were found in these western shore rivers North River

Magothy Run and Severn Run37 No spawning yellow

perch were captured in Stocketts Run Patuxent River

drainage nor in Bacon Ridge Branch South Riverdrainageand only nine adult yellow perch were collected

during the spawning run in the North River23 Thecoordinated
juvenile survey collected only five juvenile yellow

perch in Mattawoman Creek and none in the South or

Severn Rivers

A similarstudy found few spawning yellow perch on two

Chester River tributaries Granny Finley Branch and Three

Bridges Branch31 Juvenile yellow perch have beencollected
in the Potomac River system fromWashington DC

downstream to Breton Bay in St Marys County Maryland

Absences of yellow perch were noted in the Rhode River

and the lower West River57 Conversely yellow perch are

more prevalent in the upper Bay All upper Bay tributaries

have been found to hold juvenile yellow perch the Bush

Sassafras Northeast Back and Middle Rivers produce the

majority of the landings for the fishery in the upper Bay57

LIFE HISTORY

Migration and spawning
Adult yellow perch migrate fromdownstream stretches of

tidal waters to spawning areas in less saline upper reaches

in midFebruary through March Males tend to reach the

spawning areas first6677 Spawning takes place generally

in midMarch but the actual spawning date is influenced

greatly by water temperatures Optimal spawningtemperatureswere reported as 78122°C32 Yellow perch

spawning was documented at 20°C in the Severn River

but peak yellow perch spawning occurred in the Patuxent

River at surface temperatures of 80100°C77 Eggs are

partially extruded and dragged through expelled milt

Fertilization may be accomplished by multiple males As

many as 25 males have been observed to fertilize a single

egg strand77

Eggs
Eggs and larvae are sensitive to several environmental

factors including temperature
28 pH and aluminuminteractions75sedimentation2 and loss of habitat Therefore

the Chesapeake Bay Living Resources Task Forceidentified
eggs and larvae as the critical life stages for yellow

perch in Chesapeake Bay°

Individual eggs are semidemersal and clear amber The

average diameter of eggs before water hardening is 176

mm postfertilized eggs have a mean diameter of 226

mm46 The single oil droplet averages
04 mm

Eggs are laid in a conspicuous gelatinous strand from 06

to 20 m long Egg deposition occurs in upstream areas

generally in places with large amounts of organic debris66

Riparian litter may serve as attachment sites for theadhesive
egg strands Despite the distinctiveness of the egg

strand there appears to be no predation on developing

eggs Either egg masses are unpalatable or predators do

not recognize the egg strands as a food source56

Development
Egg development stages were broadly defined byMansueti46Yolk completely filled the perivitelline space prior

to fertilization The oil droplet was displaced to theperipheryand germinal tissue formed around the droplet 14

minutes after fertilization The twocell stage was evident

five hours after fertilization Gastrulation occurred 21
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hours after fertilization at this stage germinal ring

covered onethird of the yolk The author identified early

embryonic stages at three to six days after fertilization

These stages were terminated by the separation of the tail

fromthe yolk Pectoral buds auditory vesicles and caudal

finfolds were present after 611 days Myotomes were fully

present and the vent was visible by day 16 Eyes formed

and the heart was functional during the period from 1625

days Hatching occurred 2527 days after fertilization

Larvae
Yellow perch are considered prolarvae from hatching

until the yolksac is completely resorbed Yellow perch

hatch at 58 mm1 There are 3242 myomeres bodysegmentsThe prolarvae remain near cover Swim bladder

inflation which is crucial for normal developmentoccurredat 7 mm46 Swim bladder inflation also was

reported at the swimup stage at 130°C33 Yolksac is

completely resorbed at 810 mm and bones begin to

ossify At 1115 mm fin rays are evident Larval yellow

perch in Lake Itasca migrated offshore for their larval

existence to reduce risks from littoral predators My
observations in the Wye River and at hatchery ponds seem

to verify offshore existence for larval yellow perch in

Chesapeake Bay as well

Juveniles
Fish are considered juveniles when all finfolds aredeveloped

Essentially juveniles are identical to adultsexceptin size Yellow perch are considered juvenile at about

2040 mm total length TL Scales appear at 2022 mm TL
In general juvenile yellow perch migrate from thelimneticzone to the littoral zone81 This behavior evolved to

enable juvenile yellow perch to feed on the comparably
richer nearshore food sources At this stage predator

avoidance should be sufficiently developed to reduce

predation risks

Adults

Analysis of age distributions of yellow perch shows that

the age structure of the spawning population has changed

over the past three decades Yellow perch collected from

the Severn River in the early 1960s showed that ages II

through X were equally represented53 Recent studies

demonstrate that only a few
year classes are represented

in the commercial catch Table 217 18 The majorimplicationof the absence of older fish

is

decreased reproductive

output per spawning fish

The age when fish first mature depends proximally on

growth rate and ultimately on variables such as forage

base and competition Females matured by age III in the

Severn River and some males matured at age I All male

perch were mature by age
III53

Fecundity or the amount of eggs that a female produces

varies with body length and weight This is a fundamental

parameter that is important in projecting productionestimates
Unfortunately the only estimates of fecundity

relationships for Chesapeake Bay stocks of yellow perch

are 2030 years old and changes in forage base and

growth rate may have made these equations obsolete

The fecundity of Patuxent River yellow perch was best

described by the equation

fecundity
= 15056weight in g 14241

Fecundities of yellowperch were 526675715 eggs per

female in the Patuxent River74 and 5900109000 eggs per

female in the Severn River53

Sex ratios of yellow perch may deviate drastically fromthe

expected 11 MF ratio Sex ratios have been reported

from several Chesapeake Bay tributaries Table 3Deviationsfrom a 11 sex ratio may be caused by the different

migration patterns of the sexes Male yellow perch reach

the spawning areas before females and do not migrate

downstream until the females leave the spawning areas77

Growth characteristics

Comparisons of growth rates of yellow perch inChesapeakeBay Tables 4 and 5 and in impoundments the

Great Lakes and other freshwater systems19°215578indicate
that in both freshwater and Bay populations females

were consistently larger than males at any given age and

that Chesapeake Bay growth rates were similar to those

reported from the Great Lakes66

Several studies have found a variety of factors that affect

growth rates Some studies showed that yellow perch

growth rates were density dependent in the upper Great

Lakes293978 but not in western Lake Erie26 Other studies

showed that interbasin differences in Lake Eries forage

base accounted for differential growth rates27 thatdifferentdiets may alter growth by as much as 30013 and

that lake morphology or the shape and contour of a lake

played the most important role in determining growth

rates in Lake Itasca where growth rates varied directly

with the amount of littoral zone81 Physiologicallytemperature

is one of the most important physical variables

for fish but there did not appear to be a correlation

between rising temperatures and yellow perch growth in

South Bay Lake Huron29

Migrations
Adult yellow perch remain in their natal river systems In

a twoyear study yellow perch from the Severn and

Chester Rivers were captured tagged and released in the

Severn River Tag returns showed that all of the native

Severn River yellow perch were recaptured within the

Severn River system whereas the stocked yellow perch
from the Chester River were recaptured throughout

Chesapeake Bay47
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The only migration evident besides adult spawningmigration
is the downstream dispersal of juvenile yellowperch

Neither the timing nor the extent of this migration has

been studied but one study indicated that juveniles do not

disperse downstream synchronously8 Some juvenileyellow
perch were collected in early June in the brackish

waters of the Wye East River inMaryland where maximum

water depths were four feet 12 mand salinity was 122

ppt whereas other juveniles were collected further

upstream in late September

ECOLOGICAL ROLE

Although the feeding habits of yellow perch have been

studied extensively in freshwater systems littleinformation
has been found on the diets of estuarine yellow perch

Freshwater stocks of yellow perch change prey selection

as they develop In a Lake Itasca study postyolksac larvae

fed on limnetic zooplankton81 First foods for these fish 9
mm TO were copepods and cladocerans Ghost midges

were eaten as the larvae grew Newly metamorphosed

juveniles continued to feed on pelagic plankton butquicklyshifted to benthic invertebrates Cannabalism mayaccount
for 25 of the juvenile yellow perch diet59Cannabalism

of juvenile yellow perch in hatchery ponds also

has been documented 18

Adult yellow perch in Chesapeake Bay fed primarily on

anchovies killifish and silversides30 Susquehanna River

yellow perch consumed scuds caddisfly larvae and

midge larvae79 A study in the Gunpowder Riverdetermined
that midge larvae were the preferred food for adult

yellow perch66 Differences among these studies probably

were due to different forage bases rather than different

behavioral responses of yellow perch

Yellow perch are eaten by top predators Predators on

yellow perch in Chesapeake Bay have not beenthoroughlydocumented66 but during Maryland Department

of Natural Resources DNR yellow perch collections

striped bass largemouth bass chain pickerel catfish

species white perch and bluefish were found in the same

areas as yellow perch Yellow perch larvae are important

prey for alewives in Lake Ontario5 which also could be

true in the Chesapeake Bay region because yellow perch

hatching dates in the Bay coincide with alewife and

blueback herring upstream spawning migrations

Piscivorous birds including ospreys bald eagles several

species of gulls terns herons and egrets have been noted

at many yellow perch sampling stations

HABITAT REQUIREMENTS

Water Quality
Water quality factors that affect Chesapeake Bay stocks of

yellow perch are discussed in the following sections

Table 6 lists the most important characteristics and

tolerance limits for each life history stage

Temperature
Temperature is the most important environmental factor

for poikilothermic coldblooded animals It controlsmetabolic
rate growth and reproduction Many studies

show how temperature directly affects yellow perch and

how temperature changes may cause behavioral changes

which ultimately could induce mortality

Gradual warming 09°C d is important to maintain

constant and normal development of eggs28 Hatching

times are greatly influenced by temperature eggs reared

at 54°C incubated in 51 days with 50 mortality34comparedto 27 days at 83°C25 and 811 days at 18°C69 The

last value is most typical of water temperatures at hatching

dates in the Chesapeake Bay region

After hatching larvae have a temperature tolerance range

of 10300C2833 Significant larval mortality occurred when

temperatures were increased 15°C for larvae acclimated

at 13517°C Fourhour exposure of larvae totemperaturesfrom 19245°C produced no significant effects61

The acclimation temperatures are applicable to Bay area

larvae which were most frequently captured in water of

817°C15

The temperature tolerance of juveniles is similar to that of

larvae Several studies have found that juveniles selected

a temperature range of 19240C934505480 Two studies

determined that juveniles demonstrate a diel orsemidaily

temperature preference 167°C just before dawn and

238°C at dusk465 Young of the year yellow perch grew

optimally at constant temperatures between 2630°C did

not grow at 8°C and died at 34°C 51

Adults have thermal preferences similar to juveniles352

with 247°C apparently the physiologically optimal

temperature 3
4 Two studies conducted in Lake Erie found

that adults tolerated a temperature range of 1216°C

during the winter and 1622°C fromJune throughSeptember2064
Sublethal and behavioral responses of juvenile fish to

temperature are probably very important in determining

suitable habitat but few studies have addressed sublethal

effects or attempted to correlate the implications ofsuboptimal
temperature with actual field observationsThermalavoidance may cause larval and juvenile perch to

emigrate from areas that provide cover from predators or

it may exclude young perch from foraging in areas with

high prey densities Also should ambient temperatures

decrease growth rates the chances of being preyed upon

would be considerably greater
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Dissolved Oxygen
Molecular oxygen is required for respiration by all higher

animals Fish extract oxygen that is dissolved in water

Dissolved oxygen DO passes across the gills and is

extracted from the water by simple diffusion Theminimum
suitable DO concentration for all life stages ofyellow

perch is 5 mgL138 However each life history stage

has different oxygen requirements and seasonal oxygen

requirements may not always be equivalent

Seasonal lethal DO for adults is 02 mgL1 in winter and

15 mgL1 in summer76 Yellow perch require less oxygen

in winter because they are poikilothermic that is their

metabolism is determined by ambient temperatureYellow
perch are much less active in low winter temperatures

and consequently they need less oxygen

The lethal DO for larvae at 23°C was 084 mgL but water

temperatures are generally lower than 23°C during larval

stages A dissolved oxygen concentration of 084 mgL1

was not lethal for young of the year at 151°C59 Dissolved

oxygen less than 7 mgL1 was lethal to juveniles in Lake

Erie76 Growth of juveniles is not significantly affected

when mean DO concentrations are more than 35 mgL
but is reduced significantly when DO concentrations are

less than or equal to 20 mgL17

Suboptimal DO may have many acute implications I
f DO

in a preferred habitat is below optimum fish may leave

the area which could subject them to predation Similarly

if growth is retarded especially in the juvenile stage

survivability is reduced For these reasons DO is one of

the most important environmental requirements A DO of

5 mgL1 is viewed as the lowest average concentration that

sustains normal development and activity

Salinity

Many Chesapeake Bay stocks of yellow perch aresubjectedto some degree of salinity in one ormore life history

stages Yellow perch spawn in areas with 025 ppt

salinity53 The optimal salinity range for yellow perch

reproduction is 020 ppt2538 An inverse relationship

exists between hatching and salinities above 30 ppt

Larval mortality was lower in 30 ppt
water than in 60 ppt

water however mortality was 100 in 12 and 24 ppt

water 69
This relationship suggests that there is anoptimum

salinity for developing yellow perch but growth

efficiencies in different salinities have not beendetermined
Juveniles exhibit a salinity tolerance range of 013 ppt38

Juveniles collected in the Miles and Severn Rivers were

most abundant in 57 ppt1753 Those collected in the Wye
River system were most often found in salinities of 68

ppt18 Adult salinity tolerance is similarto that of juveniles

although preferences have not been determined in the

laboratory Most field and literature review surveys list

salinity tolerances from 013 ppt386 or from 01031653

pH
Acidity represented by low pH has severe effects on

aquatic ecosystems Acidic conditions may causereproductivefailure in fish populations or if severe enough
the death of individuals Acidic conditions sometimes

occur naturally and sometimes are associated with mine

drainage In the Chesapeake Bay region acid rain is the

largest source of acidic input

Many of the Bays tributaries are poorly buffered14 which

exposes them to acidic runoff associated withatmospheric
deposition In a recent study of the combined

effects of acidity and dissolved aluminum in flowthrough

bioassays with four pH levels and five aluminumconcentrations
mortality rates were significantly greater in

the lowest pH treatment pH 50 Changes in aluminum

concentration did not increase mortality37

Newly hatched yellow perch appear to be slightly more

sensitive to acidity than older fish Klauda et al42 found

that larvae could survive exposure to pH 50 for 24 h but

prefeeding larvae were less sensitive than older larvae

Another study found that newly hatched yellow perch

exhibited statistically significant differences in mortality

when subjected to pH levels of 50 14
Addition of 100tgL1

aluminum a
t

pH 50 also significantly increased larval

yellow perch mortality75

Based on these studies critical acidic conditions for egg

and larval yellow perch occur at pH 4555 withmonomericaluminum concentrations of 50150 ltgL141 Yellow

perch are assumed to be able to support reproducing

populations when mean pH is 50

Suspended sediments

Sediment loading may affect yellow perch reproduction

If sediment adheres to eggs oxygen transport across the

membrane may be reduced Waterfront development and

other human activities such as road construction cause

increased sediment loads in spawning streamsFinegrainedsuspended sediment in concentrations 5 500 mgL1
had no effect on yellow perch hatching success but

hatching time was delayed 612 h71 Other testsdetermined
that a 1000 mgL1 suspension significantly reduced

hatching success of yellow perch eggs70 although a

similarstudy found no decrease in hatching success2

Minimal information exists concerning the effects of

suspended solids on larvae The mechanisms of reducing

larval survival are the same as with eggs Finegrained

sediment may critically damage sensitive structures such

as the gills and gill membranes Survival was reduced

significantly when larvae were exposed for 96 h toconcentrationsof suspended solids > 500 mgL12
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Structural habitat

Habitat Structure

Larvae inhabit the littoral zone immediately after hatching

but soon migrate to the limnetic zone and become

pelagic81 They are photopositive and migrate vertically

through the water column76 Juveniles 25 mm migrate

back to the littoral zone81 and exhibit photonegativebehavior76
Areas with > 20 cover were preferred byjuvenile

yellow perch66 Adults inhabit slowmovingnearshorewater with moderate cover

Stream Velocity
Yellow perch fry generally inhabit currents less than 25
cm s166 Adults prefer stream velocities > 5 cm s1 Currents

in excess of 25 cm s1 shear egg strands

SPECIAL PROBLEMS

Eutrophication
Eutrophication the effect of excess nutrients on an

aquatic system affects fish populations by altering the

physical properties of the water eg increased water

temperature and decreased DO and by altering predator

and prey community structures Hypereutrophy in Lake

Eries western basin caused decreased yellow perch

growth rates27 Yellow perch populations in the mildly

eutrophic central basin showed increased growth rates

The authors attributed these differences to a shift inavailable
benthic prey size Hypereutrophy decreased benthic

prey size in the western basin whereas mildeutrophicationin the central basin increased prey size This shift was

hypothesized to affect growth rates of larger yellow perch

eventually causing stunting

Another study reported similar effects In general as

eutrophication increased prey sizes decreasedparasitism
increased and percid growth increased to athreshold

level where further eutrophication decreased growth

rates Low dissolved oxygen concentrations due to

eutrophication also caused shifts in percid distributions
43

Acid Rain
Yellow perch are designated as acid tolerant however
dissolved aluminum and depressed pH adversely affect

larval yellow perch survival75 Spring pH levels below 50

have been documented in yellow perch spawning streams

following rain events57 Acid deposition may not be the

ultimate cause of declines of anadromous fish stocks but

it may inhibit
recovery of fish populations23 Severalongoingstudies are attempting to monitor the impact of acid

deposition on spawning anadromous fish species Passive

and mechanical liming of spawning streams is being

evaluated as a possible solution to the acidificationproblem

Overharvest
Yellow perch congregate in upstream stretches ofspawningstreams during a contracted time period a period

when they feed aggressively This spatial and temporal

distribution of spawning behavior makes yellow perch

more vulnerable to overharvesting by sportfishermen

Commercial fishing for yellow perch is similarly affected

by the contracted spawning runs Fyke nets the most

common gear used in the commercial fishery are very

efficient in capturing migrating yellow perch The ban on

shad and striped bass fishing in Maryland has made yellow

perch fishing more popular which has led to increased

landings in the upper Bay area

Yellow perch populations should be able to sustain a

healthy fishery but natural reproduction must be

monitored carefully

Contaminants
Acute toxicity tests of a number of inorganic and organic

compounds have been conducted on yellow perch larvae

and juveniles Apparently no information is available on

the toxicity of metals and metalloid elements to yellow

perch except for the studies of aluminum toxicitysummarizedabove under pH

Chlorine total residual is lethal to yellow perch larvae at

moderately low concentrations 055 mgL1 and greater

Its toxicity increases with temperature with exposure

time and with salinity6172 Effects of total residual chlorine

on juveniles were similar 24 h LC5o ranged from 8 mgL1
at 10°C to 07 mgL1 at 30°C6

Hydrogen sulfide is toxic to larvae and juveniles at very

low concentrations with 96 h LC50 ranging from < 2 µgL1

for larvae at 20°C to 36 µg1 for juveniles at 10°C22

The 96 h LC50 for juvenile yellow perch exposed to

hydrogen cyanide was 904 µgL1 at 15°C and 108 µgL1 at

21°C Sensitivity to HCN increased with decreasing DO
concentration74

Organic compounds for which toxicity information is

available include a selection of pesticides and industrial

chemicals Table 7 It is difficult to generalize the relative

toxicities of these compounds except to comment that

some insecticides eg DDT endrin toxapheneazinphosmethylare lethal at extremely low concentrations

Among Chesapeake Bay species yellow perch may be

particularly susceptible to chemical spills andcontaminatedrunoff during the spawning and larvaldevelopment
periods because of their concentration in relatively

small streams

Yellow perch exposed to ambient levels of apolychlorinated
biphenyl PCB Arochlor 1016 in the Hudson
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River accumulated tissue concentrations 10400 times

those in the river water73 Accumulation of PCB and other

persistent organic compounds either directly or through

the food chain could be a matter of concern forChesapeakeBay yellow perch

fishing through greater spawning contribution of older

age class fish

Stream blockages that impede upstream spawningmigrationsmust be removed or made passable to yellow perch

Stream Blockages
One cause of decreased suitable yellow perch spawning

habitat is stream blockages Many of the Bays tributaries

are impounded by gauging stations highway culverts

smallscale dams and hydroelectric facilities A regional

Chesapeake Bay effort is underway to mitigate theblockagesby removing them or by installating fish passageways

and diversions The increase in available spawning and

nursery habitat should serve to further rehabilitation of the

stock

Stream blockages are being breeched in the Patapsco

River drainage 6 blockages the Susquehanna River

Conowingo Dam the Elk River one dam the Bush

river two dams and the Potomac River drainage five

dams Other catalogued impoundments are in theSassafras
River drainage Tuckahoe Creek and the Chester

River system Similarly Virginia has developed a

database of stream blockages Embry dam on theRappahanockRiver five dams on the James River and four

dams on the Appamatox River are considered priority

i

blockages Map Appendix

RECOMMENDATIONS

Nutrient inputs and other allochthonous and xenobiotic

inputs
that cause decreased DO levels in the Bay should

be reduced

Implementation and enforcement of programs to reduce

both sediment and nutrient inputs into the Chesapeake

system
should be carried out to enable yellow perch

stocks to expand in both range and abundance Shoreline

development and activities causing erosion andnonpointsource nutrient loading should be limitedthroughout
the Chesapeake Bay drainage

Harvest by sportfishermen and commercial fishermen

must be monitored and managed ideally by river system

Spawning stock characteristics such as age and growth

rates must be determined to ensure that harvest levels are

allowing sufficient reproduction to increase stockabundance
Size limits should be set to allow increased natural

reproduction in the river systems open to yellow perch

Relatively little is known about yellow perchenvironmental
preferences and tolerances in the Chesapeake Bay

This report draws largely from research literature onfreshwater
stocks of yellow perch There is an urgent need for

more research on estuarine stocks of yellow perch This

is especially true for larval and juvenile yellow perch

habits and habitats

The potential threat to yellow perch spawning runs and

early life stages from improper use disposal and storage

of pesticides and other toxic chemicals should berecognized
Aggressive research must be continued on aciddeposition

Mitigation efforts are also important through reduced

sulfur emissions from industry and automotive exhaust

Evaluation of stream liming programs to make more areas

suitable for spawning should be studied

CONCLUSIONS

The ultimate historical cause of the yellow perchpopulation
decline in the Chesapeake Bay has not beenidentifiedMany environmental factors are acting to preclude

yellow perch stock recovery Loss of spawning habitat

caused by stream blockages and sedimentation alsoundoubtedlyare acting against yellow perch stock recovery

as are the synergistic effects of acid deposition anddissolvedmetals
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Table 1 Commercial landings for yellow perch in Maryland 196419W

Year Landings lbs

1964 160694

1965 278548

1966 217494

1967 184103

1968 134732

1969 123397

1970 110560

1971 92362

1972 107500

1973 37000

1974 41900

1975 38200

1976 23900

1977 18100

1978 29000

1979 25200

1980 28000

1981 15145

1982 29371

1983 40943

1984 48276

1985 43849

1986 41413

1987 50264
1988 87418

1989 65260

1990 66610

Table 2 Age composition of yellow perch collected from several Chesapeake Bay tributaries

AGE CLASS

River Year II I
I
I IV VI VII VIII

Bush 198818 11 17 15

198731 23 43 16 14 1

Sassafras 198818 9 26 9 4 1

198731 33 26 21 6

Choptank 198818 9 268 9 2 21 19

19878 31 10 3 23 40 1

19867 9 23 34 16 18 9
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Table 3 Sex ratios of yellow perch collected from various Chesapeake Bay tributaries

River Year Sex Ratio MF N

Bush 198818 261 228

198731 0921 96

Sassafras 198818 111 99

198731 0671 85

Choptank 198818 151 334

19878 121 201

19868 0681 153

Patuxent 197077 111 600

Table 4 Mean length at age mm for yellow perch collected from Chesapeake Bay tributaries

AGE CLASS

River Year 1
1

1
1
1

IV V VI VII

Bush 198818 197 212 211

198731 186 219 236 245 250

Sassafras 198818 199 224 226 230

198731 218 227 231 233

Choptank 198818 176 192 213 218 227 238

19878 159 189 208 218 244

19868 190 212 230 242 238

Table 5 Lengthweight and lengthage regression equations of yellow perch from selected Chesapeake Bay
tributaries Length in mm age in years weight in g

Length versus Age31

Bush River

Sexes combined length=237l e0725age

Sassafras River

Sexes combined length=2341e o886age

Length versus Weight8

Choptank River

Males log weight= 319log length1052
Females log weight = 319log length1232
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Table 6 Suitable water quality parameters for various life stages of yellow perch NA = not available

Dissolved Suspended

Life Temperatures Salinity pH Oxygen Solids

Stage °C ppt mgL mgL

Egg 720 02 685 NA <1000

Larvae 1030 02 685 NA <500

Juvenile 1030b 05 685 >50 NA

Adult 630 013 685 >50 NA

a
optimum temperature ranges are dependent upon acclimation conditions

b
Growth has occurred at temperatures below 1 0°C
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Table 7 Summary of acute toxicity of organic compounds to yellow perch larvae and juveniles All values are 96

h LC50 Ranges resulted from tests conducted under a variety of experimental conditions temperature

pH hardness and formulation of the toxicant All values except those indicated are from Mayer and

Ellersieck49 Life Stage L = larvae J = juvenile

Compound Use Life Stage Range of Toxicity

pgL

Reference

acephate insecticide L >50000>100000

aminocarb herbicide L 23011700

antimycin A piscicide L 040

azinphosmethyl insecticide L 2440

captan fungicide L 120

carbaryl insecticide L 12013900

J 1420

chlordane insecticide L 96
DDT insecticide L 90
dtrans allethrin insecticide L 99 48

J 99
diflubenzuron insecticide L >25000>50000

dimethrin insecticide L 28 4849
dinatramine herbicide L 7801000 4958
diquat herbicide L 2350060000

endrin insecticide J 015
fenitrothion insecticide L 20005800

fenthion insecticide L 1650

folpet fungicide L 177

HoughtoSafe 1120 hydraulic fluid L 500

leptophos insecticide L 703750
malathion insecticide L 263

methoxychlor insecticide L 17550

methyl parathion insecticide L 3060

mexacarbate insecticide L 830016900

mirex insecticide L >100000

paroil 1032 plasticizer L >5000

paroil 1048 plasticizer L >10000

paroil 160 coolant L >10700

Arochlor 1016 industrial PCB L 240

Arochlor 1242 industrial PCB L >150

Arochlor 1248 industrial PCB L >100

Arochlor 1254 industrial PCB L >150

Arochlor 1260 industrial PCB L >200

phoxim insecticide J 563710

phthalate dibutyl plasticizer L 350

Pydraul 50E hydraulic fluid L 540

pyrethrum extract insecticide L 445 48

J 33

resmethrin J 051

RU11679 insecticide L 006 48

J 006
Sbioallethrin insecticide L 78 4849
SBP1382 L 05 48

toxaphene insecticide L 12

trichlorfon insecticide L >10000

tricresyl phosphate industrial L 500

xylenol dimethylamino metabolite L 1003400



WOOD DUCK
Aix sponsa

G Michael Haramis

US Fish and Wildlife Service

Patuxent Wildlife Research Center

Laurel Maryland

Threatened

with extinction by habitat loss andunregulatedhunting near the turn of the century the

wood duck has recovered to become one of our most
abundant game ducks A widely distributed species of

forested wetland habitats the wood duck is an abundant fall

and spring migrant the most abundant breeding anatid in

the Chesapeake Bay drainage The species primaryhabitats

are interior bottomland hardwood forests and adjoining
river and bay marshes Wood ducks also occupy habitats

extending from tidalbrackish bay marshes to the very tops
of watersheds including the smallest of watercourses and

temporary and seasonal pools within flood plain forests

Wood ducks are wellknown for their beautiful plumage
dependence on tree cavities for nesting and colonialroostinghabit especially in fall

Although protection of large contiguous bottomland
hardwoods and large riverine marshes is crucial tomaintenanceof wood duck populations within the Bay region conservation of wetlands and riparian forest along

even the smallest of watercourses will protect the diversity of habitats beneficial to wood ducks Emphasis
should be placed on managing riparian timber for mature and old growth and especially to produce
mastbearing and cavityproducing species Channelization and other actions that alter natural hydrology
or habitats along watercourses are detrimental to wood ducks Prudent management also includesconservativeharvest limitations for maintenance of an abundance of wood ducks in the future

INTRODUCTION

The wood duck is considered by many to be the most

beautiful waterfowl in North America Indeed a literal

translation of its scientific name Aix sponsa means a

waterbird in bridal dress

It is apparent frommany early

accounts that the great beauty wide distribution and

abundance especially in summer when other waterfowl

are absent and excellent
eating quality of this birdcapturedthe attention of ornithologists naturalists and

wildfowlers during the colonial and postcolonial eras

The beauty and natural history of this elegant species has

been romanticized by many and perhaps nowhere more

vividly than the enduring writings of Audubon3 The

wood duck is wellnamed for it is an obligate treecavity

nester and at all times of the year inhabits forest or fo
re

s
ta

s
s
o
c
ia
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d

wetland habitats more than any otherwaterfowlOne of the most popular of game and market ducks
wood ducks were driven to near extinction in many parts
of their eastern range during the late 19th century by

uncontrolled forest clearing and market hunting Concern

for the species rallied broad public support andprotection
provided under the Migratory Bird Treaty of 1918 set

the stage for a remarkable recovery over the next several

decades Wood ducks are once again one of the most

abundant of waterfowl in North America they nowsustainan annual sport harvest estimated at one million birds

This recovery of the wood duck is considered one of the

major success stories of modern waterfowl management

Within the Chesapeake Bay region wood ducks use a

wide variety of wetland habitats from the smallest brooks
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and pools in upland forest extending downstream along

riparian corridors to marshes in tidalfresh and thebrackish
reaches of estuaries They are the most abundant of

breeding waterfowl in the region with scattered pairs

occurring throughout wetlands in association withdeciduous
forests Greatest numbers of wood ducks occur in

the region during fall migration in October and early

November

BACKGROUND

Taxonomy and Nomenclature
The wood duck is one of 15 species of waterfowl

worldwide belonging to the perching duck tribe family

Anatidae subfamily Anatinae tribe Carinini and the only

perching duck endemic to North America2i The wood

duck is most similar in appearance and general biology to

the mandarin duck of eastern Asia Ornithologist Mark

Catesby published the first description of the wood duck

in his 1731 treatise entitled The Natural History of

Carolina Florida and the Bahama Islands15 Linnaeus

classified and named the species Anas sponsa in 1758 and

Friedrich Boie established the genus Aix in 182863

Perching ducks are generally tropical and nonmigratory

only the wood duck and its east Asian cousin themandarinduck are migratory and north temperate in range21

However unlike other migratory waterfowl in North

America the wood duck is a permanent residentthroughoutmuch of its winter range
and thus is the most abundant

breeding anatid below about 40°N latitude Because of

this the wood duck was commonly called the summer

duck by early naturalists Other common names include

Carolina duck acorn duck swamp duck tree duck and

squealer a name derived from the distinctive alarm call of

the female52

Morphology
From September through May male wood ducks wear

highly colorful and iridescent breeding plumageDistinctivemarks include striking bill coloration of red white

and black a bright vermillion eye and eye lid a green

iridescent head with prominent crest highlighted by two

white stripes a white throat with two white finger marks

extending along the side of the head a breast of rich

burgundy terminated at a vertical white and black stripe

in front of the wings sides of bronze vermiculated in

black and a purplishblack iridescent back and large

square
tail

Females although generally drab are more colorful than

hen dabbling ducks They have a graybrown head and

dark bill with a tearshaped white patch highlighting dark

brown eyes their crest is wispy and sooty gray Streaked

breasts and mottled sides are rich chestnut to brown in

color bellies of adults of both sexes are white Like other

members of its tribe wood ducks
possess a gooselike bill

sharp claws and perching ability and a long tail for agile

flight through trees

At a distance flying wood ducks appear black and can

best be identified by their long square tails white bellies

and the characteristic weeeeek weeeeek orsquealingcall of the female Wood ducks also are prone to cock

their heads in flight as if looking downward Their wing

beat is intermediate between that of the bluewinged teal

and the mallard On the water wood ducks float higher

than other ducks with their large tails a distinguishing

feature

Among North American ducks wood ducks aremediumsized
with winter weights averaging about 700 g 15 lbs

for adult males and about 7 less for adult females 650 g

or 14 lbs immature wood ducks weigh about 34 less

than adults22

Geographic Range
The range of the wood duck is confined almost entirely

to the contiguous United States with some rangeextensions
beyond the US border 49°N latitude into Southern

Canada see published range maps141606165 As a rule

wood ducks are a freshwater species potentiallyoccupyingall forestassociated wetlands to the limit of saltwater

Wood ducks are rare visitors to salt marshes or theseashorehowever they occasionally cross wide expanses of

ocean to reach Newfoundland Sable Island Bermuda
and the Caribbean Islands

Wood ducks generally are considered to have two distinct

populations The largest extends east of the Great Plains

from eastcentral Saskatchewan to the maritimeprovincesand south to central Texas southern Florida and

Cuba A smaller Pacific population exists from southern

British Columbia and southwestern Alberta south to

central coastal California and the interior Sacramento and

San Joaquin valleys The eastern population generally

winters in the deep South primarilybelow 36°N latitude

The majority of the Pacific population winters in the

Central Valley of California especially the Butte Sink area

north of Sacramento 7606165

Distribution In the Chesapeake Bay
Wood ducks use a wide variety of freshwater wetland

habitats from the smallest brooks and pools of upland

forest extending downstream along riparian corridors to

tidalfresh marshes and the brackish reaches of estuaries

They make little use of habitats below the downestuary

salt tolerance of cattail

During the day wood ducks frequent woodland pools

that provide rich sources of invertebrates in spring and an

abundance of mast in fall During brood rearing and fall

migration wood ducks make extensive use of estuarine

river marshes along the Nanticoke Patuxent Elk Chester
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Choptank Blackwater Transquaking Chicamacomico

Wicomico and Pocomoke Rivers

Status

Clearly no one knows how abundant wood ducks were

in the early 1800s and even today the reclusive nature of

the species defies accurate field census However early

writings indicate that the wood duck was exceedingly

abundant all over the eastern US and was common in

game markets of the eastern seaboard by the early 19th

century It has been suggested that during the pristine

period of the 19th century
the wood duck might have

been the most abundant duck east of the Appalachian

Mountains and next to the mallard the most abundant

duck north of the coastal marshes of Louisiana in the

Mississippi Flyway10

The 19th century however brought great change to the

status of the wood duck especially in the post Civil War

era During this period the need for lumber and open land

for agriculture destroyed much prime wood duck habitat

especially old growth timber that provided prime nest

sites Increased hunting pressure to meet the demands of

a growing game market also took its toll on wood duck

populations With hunting largely unregulated wood

ducks were taken at all times of the year and were

especially vulnerable to gunning because of theircommunal
roosting habit Knowledgeable hunters easily

could take large numbers during morning and evening

roost flights in fall and winter such roosts might contain

from several hundred to several thousand birds

The wood duck population generally has continued to

expand since the 1940s Breeding Bird Survey trends

show an estimated 120 increase in wood duck numbers

in the eastern deciduous biome over the past 23 years

19661989 or 35 a year In Maryland and Virginia

Breeding Bird Survey data indicate increases in wood

duck numbers of about 2 a year during the 80sunpublisheddata USFWS Office of Migratory BirdManagementOMBMl

Concurrent with this increase a general decline innumbersof mallards and American black ducks has resulted

in the wood duck occupying a more prominent position

in the hunters bag The wood duck now ranks near the

top of waterfowl harvested in most states in the East Over

the past 20 years the estimated average US harvest of

wood ducks has been just over one million with 91 of

that harvest occurring in the two eastern flyways 650000

in the
Mississippi and 339000 in the Atlantic Flyway

unpublished data OMBM

In the Chesapeake Bay region the wood duck harvest is

only about 4 of this total The estimated average annual

harvest in the Bay region from 19781987 was 40500 birds

Maryland and Virginia estimated annual state harvests of

8500 and 32000 respectively unpublished data

OMBM Biologist Frank Bellrose believes that thecomebackof the wood duck relates directly to conservative

management of its harvest but he argues that theextensive
loss of habitat especially in the great interiorbottomland
forests means that the species will never be as

abundant as it was in the early 19th century89

In market hunting areas of the east the decline of the

wood duck was apparent by the 1880s61 and by the early

1900s many ornithologists were predicting extinction for

the species2831 Biologist W W Cooke attributed the

decline in waterfowl to the constantly increasingnumbersof sportsmen and market hunters together with the

invention of the breechloading gun 16

Ornithologist A
K Fischer pointed out the travesty of spring shooting and

called for legislation to abolish this practice in all states in

order to save the wood duck27

With establishment of the international Migratory Bird

Treaty of 1916 and passage of the Federal Migratory Bird

Treaty Act of 1918 wood ducks were given complete

protection from illegal hunting and in the 1920s and

1930s the species made a remarkable comebackAlthoughwood ducks were decimated in areas where

market hunting was established populations likely

remained in many remote and inaccessible habitatsparticularlyin the South9 Such areas probably served as

important reservoirs for reestablishment The advent of

the nest box as a management tool in the 1930s also may
have been an important factor in increasing wood ducks

in local areas particularly their widespread use after

19509

LIFE HISTORY

Probably no other species of North American waterfowl

has the capability of occupying as wide a range of habitat

as wood ducks Although greater numbers of wood ducks

are found in large tracts of bottomland timber they are

remarkable in their ability to radiate into small upland

water courses woodland pools and beaver flowages

they are the most adaptable of all waterfowl in their use

of forested wetlands especially those beneath a closed

woodland canopy

Throughout their range wood ducks seek the
security and

solitude of sheltered backwaters generally avoiding areas

exposed to wind or current they rarely are found far from

forest emergent or nearshore cover They have aparticular
affinity for close overhead woody cover asprovidedby a well developed forest understory or flooded

timberwith numerous snags
and windfalls They typically

are associated with woody cover such as buttonbush

swamp privet and willows

Wood ducks are early migrants and Northern birds begin

southward movement soon after the first frosts in late
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September and early October only a few stragglers

remain by November Numbers of wood ducks increase

steadily in the Chesapeake Bay in October and decrease

sharply as birds move southward usually by earlyNovember
In spring some wood ducks reach northern nesting

areas soon after iceout in mid to late March although

good numbers of birds are usually not present until April

Movement through the Chesapeake Bay region occurs

with arrival of mild spring weather in late February and

peaks during March

Wood ducks are seasonally monogamous with courtship

and pairing beginning in fall and continuing through

winter After arrival on the breeding ground females

spend considerable time searching for a suitable nest

cavity This activity is most intense in early morning as

females and their mates are often seen perched high in

trees inspecting potential nest sites Egg laying begins as

early as January 20 in the South44 but is delayed to April

15 at the northern limit of the range in New Brunswick
62

Nesting tapers off at all latitudes in June with only a few

hatches extending into July in the north and August in the

south34

A suitable tree cavity nest site is prerequisite to successful

nesting and is the primary factor limiting the range of the

wood duck to deciduous hardwood regions The great

abundance of wood ducks in pristine times is believed to

be related in part to the abundance of suitable nest sites

available in virgin old growth forest especially within the

interior bottomlands

Generally older larger trees are the best cavity producers

trees less than 28 cm diameter at breast height dbh have

few suitable nest cavities for wood ducks Red and silver

maple are particularly important cavityproducingspeciesbut American elm sycamore ash bald cypress and

others are locally important

Wood ducks will nest in dead timber but prefer live trees

with small entrances Preferred cavities are those high in

trees and in secondary limbs where they are betterconcealedfrompredation Wood ducks have been known to

use cavities as high as 65 f
t 20 m above the ground

The ducklings exit the nest by freefalling to earth Early

naturalists and some subsequent reports12 noted that

wood ducks carried their young from such great heights

However contemporary studies have not confirmed such

behavior

The average
clutch size for the wood duck is 12 eggs with

a common range from 10133056 This is one of the largest

clutch sizes for all North American ducks46 Although

individual hens normally lay 15 or fewer eggs larger

clutches sometimes of 30 or more eggs are notuncommonin nest boxes These large clutches are the result of

more than one female laying in the same nest a behavior

termed intraspecific nest parasitism or more commonly

dump nesting

Large clutch size and dump nesting are two characteristics

that underlie the wood ducks high reproductivepotentialWood ducks also are known to have
strong renesting

capability and are the only species of waterfowl in North

America in which some females rear two broods in a single

season8294457 Second broods are not known north of

Maryland but are strictly a characteristic of southern wood

ducks that invest little time and energy in migration and

have a long nesting season

Dump nesting is often a conspicuous feature of nesting

wood ducks It probably has evolved in response to

competition for limited nest sites and because the wood

duck is a highly social species that does not defend a

territory during the breeding period The frequency of

dump nesting is most often associated with dense nesting

or expanding populations 43
Dump nesting also is

known to occur in response to nest predation35 and may

play an important role in the early nesting experience of

females34

Because natural nesting populations are typically of low

density dump nesting usually involves a single parasitic

female and results in a final clutch size of from 1520 or

more eggs On average such nests hatch with highsuccessand contribute significantly to production From

available evidence dump nesting is likely an adaptive and

heritable behavior that enhances reproductive capability

under natural nesting conditions In contrast dumpnestingamong dense boxnesting populations of wood ducks

can be disruptive to nest success as a result of competition

for limitednesting space Under such circumstances three

or more females may lay in a single box resulting in very

large clutch sizes high rates of nest abandonment and

poor hatchability
3643

Nest site availability is most frequently cited as the ultimate

factor limiting numbers of wood ducks So important is a

suitable nest site that wood duck females showexceptionally
high fidelity to nesting areas and even to specific nest

sites303738 Females are likely to return to previous sites

of successful nesting provided the sites remain available

Average brood survival for wood ducks is estimated at

about 40 with the greatest mortality occurring during

the first two weeks after leaving the nest455 Mortality

frequently is associated with extended overlandmovementsof young ducklings after departure fromthe nest448

This finding underscores the importance of selecting a

nest site near or over water and preferably nearbroodrearinghabitat that provides good food and cover Brood

survival is also weatherdependent and especially so for

newly hatched ducklings that are highly sensitive tochillingDuring the peak hatching period extended periods
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of cold wet weather are expected to increaseexposurerelated
mortality among ducklings

ECOLOGICAL ROLE

No other species of North American waterfowl uses

forested wetlands as extensively as the wood duck These

habitats are used throughout the annual cycle for nesting

brood rearing molting roosting migration andwinteringObligate cavity nesting is the wood ducks strongest

ecological tie to old growth forest whereas much of the

food of the wood duck is intricately tied to the seasonal

water dynamics of floodplain forest and associatedwetlands
Availability of early spring aquatic invertebrates is

especially critical in the nutrition of laying females24

Throughout most of their range wood ducks haveecologicalties to beaver that create forested wetlands 61458

and woodpeckers especially the pileated woodpecker

whose nest sites and numerous foraging excavations help

create nest cavities for wood ducks20

Wood ducks and their eggs are prey
for a number of birds

mammals fish and reptiles54 Important predators of

adults and ducklings include the great homed owl mink

raccoon and red and
gray

foxes along upland edges

Aquatic predators include snapping turtles andpredaceousfish such as northern pike and largemouth bass

Numerous nest predators exist but the raccoon isrecognizedas the most important throughout most of the wood
ducks range54 The keen learning and climbing ability of

this mammal has made it notorious as a nuisance predator

of nest boxes4956 At northern latitudes black and gray rat

snakes are important predators of wood duck eggs and

nestlings513263233 Puncturing of eggs by starlings and

woodpeckers especially northern flickers commonly
has been observed in nest boxes5468 however little is

known of the extent of this activity at treecavity nest sites

With a strong gooselike bill and a large nail for grasping

food items the wood duck might best be categorized as

a browser or picker rather than a grazer like geese or

dabbler like the broadbilled dabbling ducks Wood

ducks are shallowwater feeders obtaining their foodprimarilyon or near the surface of the water their optimum

water depth is 845 cm54 Wood ducks seem more prone

to simply immerse their heads and necks rather than tip

up to feed like dabbling ducks61 In fall wood ducks are

also prone to go ashore or fly into wooded areas in search

of acorns or other mast and they are known to forage on

waste grains
such as soybeans corn and wheat inagriculturalfields adjacent to good wetland cover

Over an annual cycle wood ducks feed on a variety of

foods to satisfy energetic and nutritional needs Many of

these foods may be only seasonally or regionallyavailableand thus wood ducks might be expected to consume

a wide variety of foods from a diversity of habitats at

different times of the year Much of the food comes from

aquatic habitats associated with flooded bottomlands and

swamps and the quiet backwaters of wooded ponds

streams and marshes As might be expected wood ducks

feed more than any other waterfowl on the fruits of

woodland plants and mast from the forest

Like most waterfowl wood ducks are decidedlyvegetarian
during the nonbreeding period and consume a

wide variety of seasonally available plant foods including

duckweeds seeds of sedges grasses waterlilies and

smartweeds as well as submerged plants such aspondweedsand wildcelery505 Acorns are the outstanding fall

food of wood ducks throughout their range
2192247505367

Other excellent fall foods include seeds of wild rice1951

burreeds181967 and the fruits of arrowarum1550Additional
forest mast consumed by wood ducks includes galls

and cones of bald cypress beech nuts seeds of sweet

gum water hickory and the drupes of black cherry475053

Animal foods consumed by wood ducks include a variety

of aquatic insect life especially odonates dragonflies and

damselflies hemipterans bugs coleopterans beetles

and dipterans flies as well as snails crustaceans fishes

and amphibians50

Female wood ducks shift their diets to a higher percentage

of animal foods during the breeding period2447 Inaddition
to a variety of aquatic invertebrates mostly insects

they often consume a significant portion of terrestrial

insect life that

is

either inadvertently blown into the water

or gleaned from emergent vegetation along theshoreline47
Ducklings also are known to consume a high

percentage
of animal foods primarily insects during the

first two weeks of life to meet the protein demands of

rapid growth
3941

In the Chesapeake Bay region wood ducks examined

fromthe Patuxent River bottomlands consumed primarily

beech nuts and acorns of white and pin oak the seeds of

halberdleaf tearthumb hornbeam and black gum and

the leaves of the submerged plants ribbonleaf pondweed
and Nuttall waterweed From estuarine river marshes

wood ducks consumed predominantly the fruits ofarrowarumalong with a variety of other seeds generally from

largeseeded marsh plants such as burreed andhalberdleaftearthumb66

HABITAT REQUIREMENTS

Wood ducks use a variety of wetland habitats to meet their

daily and seasonal life requirements Food cover and

water govern the distribution of wood ducks throughout

the year with nest cavities playing an important additional

role during the nesting period During the annual cycle

specific habitat requirements can be identified for such

events as breeding brood rearing molting roosting and

migration
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Breeding Habitat

Important breeding areas for wood ducks satisfy three

specific needs 1 good foraging habitat that provides

adequate nutrition for egg laying 2 large deciduous

trees that provide suitable
treecavity nest sites and 3

daily roosting habitat

Seasonally flooded bottomland hardwood forest isgenerallyconsidered the most attractive breeding habitat for

wood ducks because it potentially satisfies all three needs

for successful nesting Especially important foraginghabitatswithin bottomland hardwoods are shallowephemeralvernal pools that harbor abundant earlyspring

invertebrate A mosaic of such pools may form within

poorly drained bottomlands from snowmelt and spring

rain or from receding floodwaters

Many other wetland types also provide food for breeding

wood ducks such as shrub swamps the emergent or

flooded shrub fringes of forests lakes ponds riversmarshesand flooded dead timber areas with interspersed

shrub or other woody cover Newly flooded forest such

as created by beaver is particularly attractive to wood
ducks because of its excellent cover and productivity

Wood ducks will search throughout flooded forest for

suitable nest cavities I
f such sites are in short supply they

may move a considerable distance in bordering upland

forest usually searching along small water courses or

canopy openings within short distances from permanent

water Wood ducks usually do not penetrate upland forest

farther than 05 km in search of nest cavities

Brood Rearing Habitat

By the time most broods hatch in late spring water

generally has retreated in seasonally flooded bottomlands

and leaves have closed the forest canopy Remaining

watered areas provide adequate cover for broods but

without sunlight such sites have little productivity and

therefore little food for ducklings Broods therefore seek

more permanent marsh and shrub swamp habitats where

aquatic productivity is high and cover is readily available

A general pattern is for broods to migrate downstream

along water courses from scattered upland nest sites and

aggregate in relatively large permanent marshhabitats

A variety of wetland types provide broodrearing habitat

for wood ducks Common characteristics of these sites are

water permanence and interspersion of deciduous woody
and herbaceous vegetation The shrub layer provides the

cover and security for broods and the emergent and

submergent aquatic vegetation harbor the invertebrate

food species Quality broodrearing habitat has beendescribed
as a patchy network of emergent cover composed

of downed timber deciduous woody and herbaceous

plants interspersed with a network of waterways Ideal

cover composition has been suggested as 3050 shrubs

4070 herbaceous emergents and 010 trees theoptimumratio of cover to open water has been suggested as

three to one54

Roosting Habitat
As young birds become flighted in late summer they

begin aggregating on roosts their numbers increase

through fall Roost habitats are especially important in

providing protection for large numbers of birdssometimesin the thousands Roost sites may be in smalloutlyingwetlands that otherwise get little use during the day
Such sites are always characterized by extensive woody

cover as typically provided by shrub swamps ofbuttonbushwillow or swamp privet interspersed withchannels
of open water and herbaceous vegetation In early

spring flooded bottomland forests with well developed
understories of saplings or windfalls commonly are used

for
roosting Although wood ducks remain gregarious

throughout the year communal roosting isbestdevelopedin late summer and fall It is at this time of the

year that the most important roost sites can be identified

Molting Habitat
Because wood ducks become flightless for four to six

weeks during the postnuptial molt they seek refuge in

large permanent wetlands with extensive cover and

abundant food resources Extensive emergent marshes of

many types may be used but again woody overhead

cover is a preferred characteristic In any given area

usually the most extensive emergent marsh or shrub

swamp is most heavily used by molting birds

Migration Habitat
Flooded hardwood bottomlands and riparian corridors

are the primaryfall and spring migration habitats of wood

ducks Such areas are used heavily because of the ready

availability of acorns and other mast in fall and acombinationof persistent overwinter plant and high invertebrate

availability in spring River marshes provide anabundanceof preferred foods such as seeds of wild rice

smartweeds and burreed are also important foraging

areas

SPECIAL PROBLEMS

Habitat Degradation
Because wood ducks potentially make use of all types of

forested or forestassociated wetlands including thesmallestwoodland pools and brooks they occupy habitats that

frequently are affected by development especially along

the Bays heavily populated western shore and in the

BaltimoreWashington corridor In more ruralenvironmentssuch as southern Maryland or the Eastern Shore

clearing of forest for agricultural use in proximity to water

courses destroys potential wood duck habitat and in most

cases jeopardizes the integrity of adjoining or downstream

wetlands through extensive siltation and alteredhydrol156
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ogy Because wood ducks occur in sparse numbers over

much of this habitat the degradation of any one habitat

may be negligible at the local population level butcumulative
losses may be significant Habitats worthy ofspecial

protection are the hardwood floodplain forestsadjoiningand especially upstream from large marshes

Timber Management Practices

Management of timber stands along riparian corridors and

extending along the smallest streams and brooks is a

primary concern to sound wood duck managementHarvest
of timber at the earliestmerchantable stage effectively

eliminates overmature and oldgrowth timber that contain

the best nest cavities for wood ducks and provide good

mast production Conversion of forest stands tomonocultures
of pine precludes the use of such areas by wood

ducks

Siltation

Excessive siltation is characteristic of many of thetributaries
of the Chesapeake Bay Caused primarilyby erosion

associated with land clearing for development and runoff

from agricultural land siltation can smother aquatic life

including benthic fauna and submerged aquaticvegetationand can accelerate the loss of extensive emergent
marshes that are important to wood ducks

Channelization
The dredging of small streams and tributaries and bank

stabilization practices that destroy overhanging cover

produce excessive depths current or hard bottoms and

are particularly destructive to natural wood duck habitat

These practices destroy the quality of shallowwater

foraging sites and the cover desired by wood ducks In

addition channelization of larger rivers especially inconcert
with damming for flood control can alter the natural

seasonal flooding pattern within bottomland forests that

is intricately tied to the maintenance and productivity of

wood duck breeding and foraging habitat

Contaminants
There is little information on wood duck exposure to

environmental contaminants or their effects in the

Chesapeake Bay region Wood ducks do howeveroccupysmall water drainages that often receive waterdirectlyfrom agricultural land urban runoff effluent from

sewage plants and wastes from industrial plants They

therefore have potential exposure to contaminants either

directly or through the food chain

Wood ducks also have been known to suffer losses due

to ingestion of spent lead shot However with fullimplementationof steel shot regulations by the US Fish and

Wildlife Service in 1991 lead poisoning should markedly

diminish as a threat to wood ducks or other North

American waterfowl

Several metals have been detected in winteringChesapeakeBay wood ducks from collections made in primarily

freshwater marshes23 Metal concentrations except for

lead in wood ducks were lower than or comparable to

those found in other ducks The median dry weightconcentrationsof cadmium lead zinc and copper in liver

tissue were 039 38 151 and 153 mg kg 1 respectively

Lead burdens were considered high enough to produce

sublethal effects and probably were caused by ingestion

of spent lead shot A recent review of contaminants in

birds of the Chesapeake Bay found no additionalinformation
related to wood ducks59 For further information

on toxic contaminants see EFFECTS OF CONTAMINANTS ON

BIRDS this volume

RECOMMENDATIONS

Structural Habitat
Habitat management should be designed to protect and

enhance key habitats throughout the wood ducks annual

cycle Most important are the protection of ripariancorridorsand the management of contiguous bottomland

floodplain timber stands but valuable wood duck habitat

extends throughout the watershed to include all stream

marsh and bordering forest Protection of primary fall

roost sites is also important especially those used by large

numbers of migrants Management of wood ducks also

includes creation of new habitats and use of nest boxes

where appropriate Wood ducks respond well to creation

of small lakes ponds or impoundments in wooded areas

such as those fostered by progressive beavermanagement
in favorable habitats wood ducks usually respond

well to nest box management Greentree impoundments

have also been successfully managed in the south and

midwest and can produce attractive habitat for wood
ducks during fall and winter 4064

Water Quality
Any actions that will improve water quality ie reduce

nutrient loads silt loads and sedimentation ratesbiological
oxygen demand or toxic substances within thewatersheds

of the Chesapeake Bay will benefit aquatic habitats

for wood ducks See AMERICAN BLACK DUCKRecommendations
this volume for a list of beneficial actions

Management of Riparian Corridors

Conservation of wetlands by avoiding drainage filling

or contamination and riparian forests including those

along the smallest watercourses will protect the most

important wood duck habitats including the smallest

wetlands used by wood ducks Protection of natural

forested buffer zones along all water courses will benefit

wood ducks Of special value are the large contiguous

floodplain forests more especially those that flood

seasonally Timber harvests should be managed carefully

within these forests and along riparian buffer zones to

foster development of mature and old growth stands

157



WOOD DUCK

particularly those containing mastbearing andcavityproducingtree species Natural hydrology should be

maintained within tidal and nontidal wetlands and

floodplain forests Channelization is particularlydestructive
of wood duck habitat and should be avoided

Harvest Management
The nearextinction of wood ducks in many parts of their

eastern range near the turn of the century has taught

several lessons 1 that wood ducks are highly vulnerable

to gunning 2 that local populations may be easilyoverharvestedand 3 that wood ducks are exceptionally slow

to pioneer and repopulate areas where they have been

eliminated Prudent management requires conservative

harvests to provide for an abundance of wood ducks in

the future

CONCLUSIONS

The Chesapeake Bay is an important region for migrating

and breeding wood ducks but harbors few birds inwinterBecause they have been protected from overhunting

by federal legislation passed in the early 20th century

wood ducks have made a remarkable comeback from

their oncedecimated numbers Their numbers can be

maintained and further increased in the Bay bymanagement
practices that carefully protect their woodland habitats
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AMERICAN DUCK
A asrubri es

David G Krementz

US Fish and Wildlife Service

Patuxent Wildlife Research Center

Laurel Maryland

The
American black duck is a species of concern both

in Chesapeake Bay and continentally because of a

long term decline in population numbers since the

1950s The Chesapeake Bay is an important area to black

ducks because they breed migrate through and winter

there It is probable that at one time a significantproportionof the continental population of black ducks were

produced in the Chesapeake Bay region Habitatdegradationthrough erosion development and eutrophication is

a primarycause for the reduction in numbers of black ducks

produced on the Bay Another problem for the remaining
black ducks maybe the release of handreared mallards into

the wild The production and wintering conditions for

black ducks on the Bay can be improved with a more active

habitat management program aimed at increasing theabundanceof submerged aquatic vegetation protecting existing

breeding and sanctuary wetlands and continuing conservative hunting regulations

INTRODUCTION

American black ducks have always been a visiblecomponentof the avifauna on Chesapeake Bay Numbers of

black ducks wintering on the Bay have declined markedly
from the highs of the 1950s 200000 unpublished data

USFWS Office of Migratory Bird Management OMBM
to the present levels of around 32000 This decline has

leveled off since harvest restrictions were implemented in

1983 however numbers of breeding black duck arecontinuingto decline in Maryland based onthe Breeding Bird

Atlas unpublished data J Sauer US Fish and Wildlife

Service USFWS Evidence of declines in annual survival

rates of black ducks since the 1950s are not welldocumented
generally annual survival rates appear stable28

The long term decline in population numbers may be the

result of reproduction not keeping pace with annualmortality
Reasons for production problems might include loss of

nesting habitat reduced fecundity of adults and lower

survival ofyoung before fledging Widespread changes in

habitat both in the far north and in the Chesapeake Bay

region have occurred since the 1950s926 The available

evidence

is less clear for the far north but it is clear that

in the Chesapeake Bay region much less habitat isavailable
today for nesting and for rearing broods45 This long

term decline in black duck population trends has been

more consistent than that of other regional waterfowl

there are fewer short term positive deviations in yearly

population than for other waterfowl Below I examine

the life history and factors thought to influence population

dynamics of black ducks in an attempt to understand the

population trends and management programs that could

alleviate them

BACKGROUND

A complete description of black duck morphology may
be found in Palmer36 The black duck is one of several

monomorphic species of North American ducks Both

sexes are sootybrown with bluishpurple speculumsbordered
by black which is sometimes bordered with white

on the trailing edge The head is somewhat paler than the

161



BLACK DUCK

body In flight the white underwings contrast sharply

with the brownblack body Black ducks resemblemallardsin body size 53 cm long 25 cm wingspan and

mass 1200 g Hybrids with wide variation in plumage

patterns occur between black ducks and mallardsFrequencyof occurrence of hybrids varies regionally36

Some ornithologists recently have questioned the black

ducks status as a species separate fromthe mallard while

others have defended its separate status 223 TheAmerican
Ornithologists Union has not voted on the matter so

for now the black duck remains a distinct species fromthe

mallard

Primarily a species of eastern North America the black

duck is found east of the Great Plains and south of the

tundra The breeding range extends from northeastern

Manitoba to Newfoundland and south to the southern

Great Lakes region The Atlantic Coast breeding range

extends south to coastal North Carolina Highest densities

of nesting black ducks are thought to occur along the

Great Lakes St Lawrence and Acadian areas37 Extremely

high densities of nesting black ducks occur locally in

Chesapeake Bay4546

Migration corridors are primarily along the Atlantic Coast

with another corridor along the Mississippi River Valley

Substantial overlap between breeding and winteringrangesmakes it difficult to delineate welldefined migration

corridors Black ducks winter from the St Lawrence

lowlands to the Gulf Coast Most of the migratory black

ducks along the Atlantic Coast winter between Cape Cod

and Chesapeake Bay42 making the Bay an important

breeding and wintering region for the continental black

duck population Some subpopulations of black ducks

such as those in the StLawrence and the Chesapeake Bay

may be nonmigratory1824

The black duck and the canvasback epitomizeChesapeake
Bay more than most other duck species Unlike the

canvasback which is easily observed by the birdwatcher

the black duck is wary of humans49 and thus difficult to

observe Exceptions occur on National Wildlife Refuges

such as Eastern Neck or Blackwater where black ducks

are readily visible and less wary At one time the black was

the number one puddle duck in the Atlantic Flyway

hunters bag and in hunting lore4849 In recent years it has

dropped to the number three bird in the Atlantic Flyway

bag comprising only 10 of the total duck harvest47 The

black duck harvest has fluctuated around 15000 inMarylandand 12000 in Virginia unpublished data OMBM
In addition to being important to the Chesapeake Bay

region the black duck is also of national importance as

signified by the North American Waterfowl Management
Plan6

The long term decline in black duck numbers has led to

harvest restrictions in bag limits and season lengths

Restrictions developed to reduce harvest by a minimum

of 25 of the 197781 average harvest began during the

198384 hunting season and remain in effect today

Despite considerable reductions in the estimated recovery

rates and total harvest of black ducks eg 50reduction
in harvest in Maryland compared to the average kill

during 197781 population numbers remain low Over

the short term however population numbers havestabilized
providing the first ray of hope in the black duck

picture since the mid1950s Current harvest restrictions

are expected to continue

LIFE HISTORY

Black ducks are among the earliestpairing puddle

ducks36 Courtship activities in the Chesapeake Bay region

can begin as early as September and by December most

pairbonds are formed46 Males remain with their females

for about two weeks after egglaying and then desert the

females45

Nesting
Nesting occurs throughout the Chesapeake Bay area with

the greatest densities thought to occur on the Eastern

Shore of Maryland from the Chester River south to the

Crisfield area Map Appendix Because of the black

ducks aversion to human disturbance
1015 most black

ducks now nest on uninhabited islands or remotemarshlandsand adjacent uplands During the mid1950s Stotts

and Davis46 found 593 black duck nests in the Chesapeake

Bay region of which 65 were in upland areas 17 in

marshes and 19 in offshore duck blinds Today few

offshore duckblinds are available so they no longercomprisea significant part of the nesting habitat45

Nesting begins quite early in the Chesapeake Bay region

about midMarch and continues until early August46 The

amount of renesting varies with the weather46unpublisheddata D Krementz USFWS In years with cold

late springs renesting can be common In years
with

warmer drier weather nesting is more synchronized and

renesting less common Clutch size varies from 612 eggs

and declines from the onset of laying through the nesting

season Flooding causes some nest loss especially in early

season nests

Migration
Migration into Chesapeake Bay begins in late September

and peaks in OctoberNovember43 Most of the Bays

migrant black ducks originate in Quebec and Labrador18

but we do not know how many of those wintering in the

Bay are derived locally or are migrants from northern

areas Spring migration begins in midFebruary and peaks
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in early March43 The destination of migratingpostbreedingducks is not well documented

also can take a heavy toll of young especially when the

brood is less than one week old

During the 1950s a large portion 20 of thecontinental
black duck population wintered on Chesapeake Bay43

For example during 1955 an estimated 224000 black

ducks used the Maryland portion of the Bay compared to

24000 ducks during 1989 unpublished data OMBM
The primary wintering area for the Atlantic Flyway

population of the black duck has shifted from theChesapeakeBay to the New Jersey coast where almost 90000

black ducks were counted in 1989 This shift in wintering

areas has important management implications because

recent studies indicate that black ducks are faithful to

wintering areas after spending a winter there1314 The shift

in wintering areas may have resulted from a combination

of lower survival rates of black ducks wintering onChesapeakeBay relative to those on the New Jersey coast and

the fact that winter habitat conditions along the New

Jersey coast are preferable to those in the Bay While in

the Bay area black ducks can be found throughout the

region especially along the lower Eastern Shore in

Maryland and the Western Shore in Virginia MapAppendixThe Chesapeake Bay region has been and with

improved habitat quality can be again an important

wintering area for the continental population of the black

duck

ECOLOGICAL ROLE

Mallards have moved eastward into black duck habitat

since the early 1900s25 This change in distribution of the

mallard and concomitant decline in numbers of black

ducks has led some biologists to speculate that mallards

play a role in reducing the black duck population because

of hybridization and competition for limited space and

resources
21245

Although there is evidence of increasing

numbers of mallardblack duck hybrids in the hunters

bag30 the mechanisms responsible for thesehybridizationsremain unclear 2192230 Competition for space and

resources between mallards and black ducks is poorly

understood What little work has been conducted on this

subject102345 has not established whether changes in

numbers of mallards and black ducks are the result of

cause and effect or merely a correlation with othercoincidentfactors Thus at this time we cannot speculate on

whether mallards are directly competing for limited

resources with black ducks

Predation rates in black duck nests are usually high with

the fish crow and American crow leading the list of

predators In mainland
nesting situations mammalian

predators such as red fox and raccoons are predominant

sources of nest loss Predation rates on broods also can be

high unpublished data DG Krementz USFWS
Predators include snapping turtles black rat snakes great

homed owls bald eagles and red fox Inclement weather

Because of the wide variety of habitats used black duck

food habits are diverse Generally black ducks are

thought to consume more animal foods than most puddle

ducks especially when they use brackish or saltwater

marshes3 A sample of 212 black ducks collected from a

variety of habitats in Maryland during the fall and winter

of the late 1950s43 documented the varied foodpreferences
of black ducks In freshwater marshes black ducks eat

twigrush and olney bulrush seeds and fish I
f agricultural

fields are nearby black ducks use agricultural crops

especially corn In bottomland hardwoods the principal

foods are beechnuts and oak acorns seeds of hornbeam
and snails In estuarine river marshes black ducksconsumeseeds of dotted smartweed halberdleaf tearthumb

pickerelweed arrowleaf tearthumb wild rice burreed

giant burreed and arrowarum In brackish marshes and

estuarine bays black ducks consume redhead grass

seeds leaves stems and rootstalks olney bulrush seeds

widgeon grass seeds stems rootstalks and leaves

eelgrass stems and leaves saltmarsh snails baltic clams

and fish In saltmarshhabitats black ducks forage on fish

mostly Poecilidae saltmarsh snails ribbed mussels and

widgeon grass seeds stems rootstalks and leaves

These surveys were conducted during the 1950s when

submerged aquatic vegetation SAV was more plentiful

A recent analysis of black duck food habits33 indicated that

of eight food items monitored two food items twigrush

and olney bulrush have become less importantsupposedlybecause of reduced availability whereas one

food item dotted smartweed has become moreimportant
HABITAT REQUIREMENTS

Structural Habitat Requirements
Because they breed migrate through and winter in the

region black ducks use a wide variety of habitat types in

Chesapeake Bay each activity involves slightly different

habitat requirements Stewart 43
described in depth 13

habitat types found in the upper Chesapeake Bay region

in the mid to late 1950s when the black duck population

reached its all time peak39 These habitats may be a

valuable standard which todays habitat management
should strive to recreate

Nesting
In upland areas nests usually are associated with both

coniferous and deciduous overstories and denseunderstories
of common poison ivy honeysuckle brush or

grasses Fresh brackish and salt marshes are also used for

nesting Nests in marshes are often associated with shrubs

but may be in monotonous stands of sedges rushes or

grasses
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Brood Rearing
The female leads her brood away from the nest shortly

after hatching < 48 h usually to the nearestbroodrearingmarsh Typically broodrearing marshes inChesapeakeBay consist of broken saltmeadow cordgrassinterspersedwith needle rush or olney bulrush These marshes

often are bordered with common reed saltmarshcordgrassand hightide bush Lack of suitable broodrearing

marshes increases brood loss unpublished data DG
Krementz USFWS

SPECIAL PROBLEMS

Declining Food Resources
Munro and Perry33 addressed the relationship between

black duck numbers wintering in the Chesapeake Bay and

loss of SAV They found that black duck numbers were

related significantly to the abundance of SAV in the

Chester River area and to a lesser degree in

other areas

such as the Honga River and BloodsworthSmith Island

areas Thus declines in SAV abundance appear tocorrelatewith declines in local black duck populations

The Potomac River is a more dramatic example of how

SAV can influence winter distribution and abundance of

black ducks According to the midwinter indexunpublisheddata OMBM the winter abundance of black

ducks recently has increased sharply in the upper

Potomac River basin coincident with the introduction of

Hydrilla Although the black ducks actual dependence

on this plant as a food source is unknown it is thought

that many invertebrates valuable to the black duck thrive

in Hydrilla Personal communication M Perry USFWS
This plant also promotes reestablishment of otherbeneficialSAV7 See SUBMERGED AQUATIC VEGATION this volume

for SAV water quality guidelines

Winter Feeding
Feeding of corn to wintering waterfowl along theChesapeakeBay waterfront has become a popular hobby for

many bayfront residents resulting in a significant amount

of corn fed to ducks on a daily basis personalcommunicationGM Haramis USFWS Black ducks and

especially mallards use this resource Its impact on black

ducks is unknown but it conceivably could influence

winter distribution survival rates and exposure todisease
This recent phenomenon should be investigated as

to its role in Chesapeake Bay waterfowl management

Disturbance
Black ducks always have been and continue to be very

wary of humans1115 Development along the Chesapeake

Bay shoreline increased dramatically during the 1970s

and 1980s and is predicted to continue11 Humanrelated

disturbances affecting black ducks include dredging

shoreline erosion control marina developments housing

channelization and marshland filling and draining

Recreational activities such as hunting fishing and

pleasure boating could also adversely affect black ducks

Repeated disturbance markedly affects black duck habitat

selection and use during the winter period 81531Disturbance
of nesting ducks is also deleterious includingeggcollectingby humans 104645

Toxics

Despite the presence of both metal and organochlorine

pollutants in the Bay there are no suspected problems

from these pollutants in Chesapeake Bay black ducks

apart from lead shot poisoning35 personalcommunicationG Heinz USFWS Recently acid rain has been

touted as possibly affecting black duck productivity20

Work by Haramis and Chu21 in experimentally acidified

wetlands in the Chesapeake Bay area demonstrated that

acid rain can lead to reduced growth rates and lower

survival rates of black ducks The effects of acid rain on

black duck productivity in the Bay are unknown Finally

excessive nutrient loading is thought to be a predominant

factor in the decline of SAV populations in the Bay area41

Without SAV black ducks will be forced to use other food

resources or simply not remain in the area EFFECTS OF

CONTAMINANTS ON BIRDs thisvolume provides moreinformationon this subject

Mallards
A cause for concern in Maryland is the release ofhandreared

mallards into the wild for sportshooting Between

1974 and 1989 for example the Maryland Department of

Natural Resources personal communication L Hindman

MDNR released about 285000 mallards into the wild In

addition private programs release thousands of mallards

with the result that the total number of mallards released

presently exceeds 150000 annually personalcommunicationL Hindman MDNR Although the survival rate of

these released mallards is not well documented 4
0 enough

mallards are released annually to compete for limited

resources with black ducks and to threaten the black duck

gene pool through hybridization245

Hunting
Although the effects of hunting on the continentalpopulationof black ducks are not well understood 4j6192934

there is little question that on a local scale hunting can

have a significant impact on black duck populations
2938

This effect supposedly results from young or naive birds

being exposed to the intense hunting pressure of the first

weekend of the hunting season2744 Since Chesapeake

Bay has a resident population of black ducks these ducks

are likewise susceptible to overharvest

A recent phenomenon worth mentioning in regards to the

effects of hunting is the registered shooting area RSA
These operations release and feed handreared mallards

and allow hunters to shoot legally both handreared and

wild mallards on designated lands These areas have the
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potential to attract and hold black ducks Under these

artificial situations unnatural concentrations of ducks

conceivably could increase the chances of diseaseoutbreakIalter winter distributions or increase the reliance

of black ducks on cereal grains The ramifications of RSA

on black ducks in the Chesapeake Bay region are not

understood and should be investigated

RECOMMENDATIONS

Harvest Regulation
Breeding populations of black ducks must be protected

through harvest regulations The current harvestregulations
in Maryland are an example of a viable means of

addressing this issue ie closure until the second part of

the split season and when the season opens a one black

duck per day bag limit Regulations implemented in the

Bay since the early 1980s including reduced bag limits

shortened seasons and a retarded opening day for black

ducks have markedly reduced both harvest and harvest

rate in the region unpublished data OMBM

Disturbance

Because black ducks are very wary of humans sanctuary

is needed especially during periods of high mortality

eg hunting season and during the breeding season

Presently three National Wildlife Refuges NWR exist in

the heart of the traditional black duck range in theChesapeakeBay Eastern Neck Blackwater and Martin NWR
Expansion of these refuges or creation of new refuges

could benefit both wintering and nesting black ducks

Nesting black ducks would benefit most by strictprotectionof nesting islands from all trespassing during the

nesting season Additionally broodrearing black ducks

would greatly benefit from more access to brood rearing

marshes located in close proximity to one anotherCreation
of nontoxic dredgespoil islands with both upland

and marshland habitats also might assist breeding black

ducks especially if these islands were off limits to people

during the breeding season

Habitat Management
Management of public and private wetlands and adjacent

uplands for black ducks is needed Currently Blackwater

NWR has implemented a number of management p
ra
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tices which could be used to the benefit of black ducks

elsewhere in Chesapeake Bay Management practices

there include moistsoil management of impoundments

for invertebrate production periodic burning of Scirpus

marshes for seed production and rejuvenation andtrappingprograms for targeted predator species These

programs serve two functions First they directly enhance

breeding and wintering black duck habitat and secondly

they serve as models to guide private landowners in

managing their own lands Private landowners are an

overlooked resource in the management of land for black

ducks in the Bay region

Water Quality
In addition to better wetland and upland landmanagementimproved water quality in the Bay will also help

black ducks Helpful steps include better control of

stormwater runoff implementing agricultural practices

which reduce wind and water soil erosion eg shelter

belts no till and lowinput farming better stormwater

management on construction sites and improvedwastewater
technologies The resurgence of Hydrilla in the

freshtidal Potomac River probably as a result ofimprovedwater quality has done much to attract and hold

black ducks there Similar improvements in water quality

in the Chesapeake Bay also would aid in recovery of SAV
Without an improved food base it will be difficult to

attract hold or produce more black ducks

CONCLUSIONS

The continental population of the black duck has declined

across its entire range
since the 1950s although recently

the population appears to be stabilizing Many factors are

responsible for this decline including overharvest loss of

habitat pollution and hybridization and competition with

the mallard I
f the population goal of the North American

Waterfowl Management Plan of 385000 black ducks by

the year 2000 is to be achieved implementation of the

above recommendations will be necessary
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CANVASBACK
Aythya valisineria

G Michael Haramis

US Fish and Wildlife Service

Patuxent Wildlife Research Center

Laurel Maryland

The
Chesapeake Bay historically was the single most

important wintering ground for the premier game
duck in North America the canvasback As recently

as the 1950s Chesapeake Bay harbored over a quarter of a

million canvasbacks or about half of the estimated winter

continental population Today canvasbacks on the Bay
have declined to about 50000 representing only onefifth

of the continental winter population Among many factors

contributing to the general decline of continentalcanvasbacksloss of prairie nesting habitat loss and degradation

of important migratory areas and vulnerability of females

to hunting degradation of Chesapeake Bay the species primarywintering area probably also has played

a significant role

Changes in the Bay significantly affecting the canvasback include increased nutrients sedimentation

turbidity and other contamination of the aquatic environment that has led to major changes in foods

available The most important change has been the drastic decline in submerged aquatic vegetation SAV
the historic and preferred food of canvasbacks Presently a few species of ediblesized clams primarilythe

Baltic clam are critical to maintaining the wintering canvasback population Although the effect of the

dietary change is not fully understood it suggests a declining habitat quality that could affect canvasback

winter survival winter distribution and subsequent breeding performance Further degradation of the Bay

is likely to lead to a further decline in canvasback use

The Chesapeake Bay remains an important wintering area for canvasbacks and restoration of the Bay is

critical to restoring the continental canvasback population Restoration of water quality is fundamental to

improving the abundance and diversity of foods available to canvasbacks especially SAV

INTRODUCTION

During the period of colonial settlement

in

North America

Chesapeake Bay displayed the greatest spectacle ofwinteringwaterfowl yet witnessed on the continent The

highly productive shoalwater habitats and the diversity

of foods they harbored attracted countless thousands of

ducks geese and swans arriving fromthe interior of a yet

unexplored continent Most impressive of all waterfowl

was the canvasback a large fastflying diving duck that

amassed in enormous flocks The species was attracted to

lush beds of wildcelery and other native aquatic plants

that abounded in the expansive shallow waters of the Bay

The pioneer American ornithologist Alexander Wilson

ca 1800 described wildcelery as so abundant in the Bay

that a boat with difficulty could be rowed through it it so

impedes the oars The shores are lined with largequantitiesof

it torn up by the ducks and drifted up by the

winds lying like hay in windrows66

Because of its great numbers large size and excellent

eating quality the canvasback became prized food

throughout the region by the late 19th century it was the

most famous and esteemed of all American waterfowl

The canvasbacks popularity earned it top price in the

game markets of the postCivil War era As a result the
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canvasback became more and more heavily hunted

Nowhere was the canvasback more persecuted than in

Chesapeake Bay where large flocks were assailed with

every contrivance Largebore shotguns and sinkbox

blinds gave way to boatmounted batteries of cannon and

punt guns used to kill birds en masse even at night This

unregulated harvest ended with passage of the Migratory

Bird Treaty Act of 1918 that empowered the Federal

Government to set seasons and bag limits on the hunting

of migratory game birds

As the new law abruptly ended the game marketscanvasbacks
escaped wanton overharvest but in time they faced

new threats from encroaching civilization on theirbreedingmigration and wintering habitats By the mid20th

century the spread of grain agriculture had significantly

reduced and altered prairie breeding habitats During the

same period expanding human populations in the East

were placing ever greater stress on the Chesapeake Bay

Today exploitation and pollution of Chesapeake Bay has

led to major decline of one of the worlds great natural

systems For canvasbacks and other Bay waterfowl the

loss of SAV has been the greatest single setbackFortunatelyBay canvasbacks have been able to switch to

alternate foods mainly shellfish and remain in generally

good numbers Other species such as redheads and

American widgeon have all but abandoned the Bay If we
wish to restore the Bay canvasback population we must

restore SAV Further decline of the Bay will only lead to

further decline in numbers of canvasbacks

BACKGROUND

Taxonomy and Nomenclature
The canvasback is one of 35 indigenous species of North

American ducks family Anatidae subfamily Anatinae

and the largest of 14 closely related diving ducksworldwide
belonging to tribe Aythyini219 Members of this tribe

are known as pochards or more commonly bay ducks In

North America there are five common species of bay

ducks all of which belong to the single genus Aythya

canvasback redhead ringnecked duck and lesser and

greater scaup

The canvasback was not recognized as a species until the

early 19th century presumably because of its similarity to

the common pochard of Eurasia a species with which

European immigrants were likely familiar AlexanderWilson
first described the canvasback in his AmericanOrnithology66He chose the species name valisineria after

wildcelery a preferred food of canvasbacks inChesapeakeBay Wilson stated that wherever this plant grows
in abundance the canvasbacks sic may be expected

either to pay occasional visits or make it their regular

residence during winter while in waters unprovided
with this nutritive plant they are altogether unknown

The name canvasback is believed to have been in use

since about 180016 The name probably originated in the

upper Chesapeake Bay region and is thought to refer to

the delicately vermiculated white body plumage of the

adult male that resembles canvas fabric34

It is alsospeculatedthat the name may have originated from the practice

of
transporting market hunted birds in canvas bags which

were labeled canvasback to indicate their return for

reuse Locally throughout its range the species has been

known by many names including whiteback sheldrake

bullneck can canard cheval gray duck hickoryquaker

and redheaded bullneck33

Geographic Range
The canvasback breeds primarily in the mixedgrass

prairie of the central United States extending from the

Dakotas north through the aspen parklands of the central

provinces of Manitoba Alberta and Saskatchewan

Greatest densities of breeding birds occur in the pothole

region of southcentral Manitoba an area that harbors

about ten percent of the breeding population

Although canvasbacks are widely distributed in winter

most birds favor large interior lakes and coastal brackish

waters as winter quarters The greatest numbers ofcanvasbacks
winter in the Atlantic Flyway especiallyChesapeakeBay and coastal North Carolina San Francisco Bay

harbors the largestwintering population on the West coast

and recently Catahoula Lake Louisiana has been a major

concentration area along the Gulf coast personalcommunicationD Woolington Several detailed breeding

and wintering range maps for canvasbacks have been

published 44s0s8

Canvasbacks use numerous migration routes from the

central prairie nesting region to primary wintering areas

along the West Coast the Gulf Coast and Mexico and the

East Coast The primary migration route for birds moving

to the Atlantic Flyway and down the Mississippi Flyway is

southeast from the prairie to staging areas on pools 7 8
and 9 of the upper Mississippi River near LaCrosseWisconsin55

From this location Atlantic Flyway birds move
eastward to major migratory areas such as the Detroit

River Lake St Clair and Long Point on Lake ErieLongterm
winter bandings of canvasbacks on Chesapeake Bay

by the author show that canvasbacks have about 90
fidelity to this wintering area

Morphology
The male canvasback is a large whitebodied duck with

a long red neck and head and a black bib and rump
females are drab with a tantobrown head neck and bib

and graybrown body plumage The most distinctivefeature
of the species is its wedgeshaped head profile

formed by its long tapered bill and abrupt crown The

birds form highly visible white flocks on large open
inland and coastal waters during migration and wintering
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Flocks may total over 50000 birds although presently few

flocks exceed 5000 on the Chesapeake Bay As anadaptation
to diving canvasbacks have large webbed feet

placed well back on their body and must run on the

waters surface to attain flight Canvasbacks are awkward

on land and rarely come ashore

The canvasback is the largest of all pochards worldwide

and slightly exceeds the mallard and the American black

duck as the largest inland duck in North America Data

collected by the author shows the following average

December weights for canvasbacks on Chesapeake Bay
adult males 1360 g 3 lbs adult females and juvenile

males about 1280 g 28 lbs and juvenile females 1175

g 26 lb The heaviest males approach 1700 g 375 lbs

During winter individuals must be examined inthehand

to distinguish adults and youngoftheyear Birds can be

aged by wing plumage1254 or cloacal characteristics23

The canvasback most closely resembles the Eurasiancommon
pochard but differs most noticeably by its superior

size on average it weighs 50 more and greaterwhitenessof body plumage In North America the canvasback

is most similar to and is sometimes confused with the

redhead Close examination however reveals manydistinct
differences most notably of which are head and bill

profile and bill and eye coloration see REDHEADMorphologythis volume Redheads of both sexes aredistinctlydarker than canvasbacks a feature that isparticularlyuseful for identification at great distances Male

canvasbacks have a reddishchestnut head and neck with

a black wash on the face and crown whereas male

redheads have a uniform reddish head and neck with a

distinct coppery sheen a quality quite different from the

canvasback Females of both species are drab although

canvasback females appear more frosted with agebecause
of greater

vermiculation of feather tips

Status and Distribution on the

Chesapeake Bay
The sole source of canvasback population data for the

Chesapeake region is the January winter waterfowlinventoryan aerial census conducted annually since 1955 by

the US Fish and Wildlife Service in cooperation with the

States Some earlier data are available on canvasbacks

dating back to 195258

Results of these surveys show a dramatic decline inChesapeakeBay canvasbacks both in total numbers and

proportion of the continental population wintering on the

Bay Surveys takenduring 195256 indicate that the Bay

harbored an average 267000 canvasbacks or 53 of the

continental population estimated at 508000 Latersurveystaken over the 25year period from 19551979 show

that the Chesapeake Bay averaged 88650 canvasbacks

annually or 62 of the Atlantic Flyway and 31 of the

average continental population estimated at 28560047

CANVASBACK

Surveys over the past six winters 198590 show further

decline with estimated annual average winter populations

of 51000 canvasbacks on the Bay amounting to 45 of

the estimated Atlantic Flyway population and 19 of the

average estimated US winter population of 267000 birds

unpublished data USFWS Office of Migratory Bird

Management

Population trends suggest that habitat degradation in

Chesapeake Bay especially the loss of SAV may be the

principal cause for the decline of the Bays canvasback

population relative to the continental population as a

whole The number of canvasbacks on the Bay generally

has risen and fallen in proportion to the size of the

continental population except in the period 197079

when the continental population increased in response to

restrictive hunting regulations and improved breeding

ground conditions while the Bay population remained

relatively unchanged47 The relative loss of canvasbacks

on the Bay during the 1970s coincides with the dramatic

loss of SAV during the same period

The size of the canvasback population varies most closely

with breeding success which in turn is linked tospringsummer
water conditions across the prairies60 Population

decline over the past 50 years can be linked to the impact

of grain agriculture on canvasback breeding habitats in

the prairies Annual aerial surveys of prairiebreeding

waterfowl known as the Breeding Population Index

BPI have shown canvasbacks to be the least abundant

of the ten common species of prairie ducks Estimates of

numbers of breeding canvasbacks have averaged 556000

over the past 36 years 19559052 The peak countoccurredin 1958 713000 and the low 385000 in 1962

Since 1985 drought has resulted in generally poorbreedingsuccess for canvasbacks Populations have increased

slowly with closed hunting seasons and gradually wetter

conditions The 1990 Breeding Population Index of

593000 marked the first time since 1984 that thecanvasbackBPI exceeded the goal of 560000 set by the North

American Waterfowl Management Plan11

Analyses of band recoveries have shown an annualsurvival
rate favoring adult males over adult females 182037

The most recent analysis of band
recovery

data found

average
annual survival rates of 056 for adult females and

075 for adult males37 The result has been a sex ratio

highly skewed in favor of males 17
Aerial photography in

January 1981 indicated that the sex ratio of nearly 70000

birds in the Atlantic Flyway was 291 males per female21

Higher mortality among females is related primarily to

their vulnerability to predators during the breeding

period Canvasback females and young also have been

shown to be more vulnerable than adult males tohunting2041and it is speculated that they may suffer higher

mortality during winter due to a tendency for segregation

of the sexes delayed pairing and male dominance 2138
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Canvasback hunting regulations have been highlyrestrictive
in the region since a season closure in 1972 Athreeyear198385 experimental season was conducted in five

states in the Atlantic Flyway including Maryland and

Virginia Since 1986 the season has remained closed

During that threeyear period 65 of canvasback hunting

permits 20217 and subsequently 71 of the canvasback

harvest 15852 birds occurred in the Chesapeake Bay35

Canvasback hunting seasons currently are based on the

threeyear average breeding population indices asdeterminedfrom annual aerial surveys on the prairies
65

It is unlikely that this species will reach population levels

to permit more than limited hunting in the foreseeable

future Even in good production years the canvasback is

anticipated to provide only a rare trophy for the hunter

Canvasbacks remain not only one of the most popular of

waterfowl to sport hunters but because of their high

visibility and accommodation to urban settingsparticularly
along the Bays western shore they enjoy immense

popularity and have aroused concern from thenonhuntingcommunity as well The species remains a symbol of

Chesapeake Bay waterfowl and is in the forefront of

management and research efforts for restoration The

canvasback is a species of special emphasis of the North

American Waterfowl Management Plan 11

LIFE HISTORY

Unlike dabbling ducks which begin pairing in the fall

canvasbacks begin courtship at the onset of spring on the

wintering ground They arrive on the breeding ground

paired and females construct overwater nests mostfrequentlyin cattail bulrush and whitetop grass They prefer

small semipermanent wetlands for nesting sometimes

using larger more permanent wetlands later in the season

Nesting usually begins in early to midMay The typical

clutch size is 810 eggs Where the breeding range of the

canvasback overlaps with that of the redhead nestparasitism
by redheads commonly detracts from canvasback

nest successio61 see REDHEAD Life History thisvolumeThe mink is the major nest predator although the

raccoon a recent arrival to prairie nesting habitats27 ranks

a close second

Water permanence is crucial to nest success and declining

water levels can lead to nest desertion and catastrophic

nest loss to predators64 During periods of droughtcanvasbacks
may seek better nesting habitats or foregonestingBrood survival is variable but is generally higher than

in dabbling ducks Brood survival in canvasbacks has

been reported as high as 74 with 53 ducklings fledging

per
successful nest6 Males desert females duringincubationand move to large permanent lakes to molt9 Females

molt in late summer and become flighted about the same

time as youngoftheyear

Canvasbacks begin migration into the northern Great

Plains in September with major movement occurring in

October Eastern migrants peak in the Great Lakes area in

November and arrive on Chesapeake Bay in early to

midDecember Historically canvasbacks arrived on

Chesapeake Bay in late October and early November
attracted by abundant stocks of submerged aquatic plants

Special November canvasback surveys
conducted by the

US Fish and Wildlife Service since 1974 unpublished

data Office of Migratory Bird Management indicate that

canvasbacks now postpone their arrival presumably to

feed on preferred aquatic plant foods still available in the

Great Lakes region

Banding studies conducted by the author have shown that

the highest numbers of young are present on the Bay in

December Aerial photographs have shown a higher

proportion of females wintering in North Carolina than in

the Bay verifying that many females and young migrate

there at least in some years21 Canvasbacks winter in

coastal brackish waters but unlike redheads avoidmarine
waters or hypersaline lagoons

ECOLOGICAL ROLE

The canvasback is a seasonal winter resident ofChesapeakeBay Like other pochards the canvasback is unable

to walk or alight on land thus its habitats and foods are

tied entirely to the aquatic system Canvasbackstherefore
depend solely on estuarine bays for their liferequirementsand are unable to feed on waste grains inagricultural
fields as is now common for dabbling ducks geese

and swans

Life history and population statistics suggest
thatcanvasbacksare a species adapted to stable environments 2645

In general they are longlived have a low rate of increase

smaller clutch size and are suspected to have somewhat

delayed reproduction in relation to other prairie nesting

ducks Canvasback yearlings have a lower probability of

successful nesting than their dabbling duck
counterparts

Canvasbacks are exceptionally traditional and specialized

in their use of breeding migration and wintering habitats

and this tradition likely is tied to dependable and stable

food resources Their diets are also less variable usually

consisting of a small variety of preferred foods39 Because

of their low reproductive rate canvasbacks are less able

to recover from abrupt losses such as to hunting ordisease
Their specialized use of limited habitats makes them

less adaptable to changing environmental conditions

Canvasbacks breed most efficiently in low density and are

less able to cope with high levels of intraspecificcompetitonas are redheads see REDHEAD Ecological Role

this volume

Although canvasbacks share many common aquatic plant

and animal foods with other waterfowl they differ by their
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ability to dive and probe bottom sediments with their

long wedgeshaped bills This gives them unique access

to many benthic foods such as tubers and rootstalks as

well as clams and a variety of insects and crustaceans

Canvasbacks normally feed in water less than four meters

deep but are capable of diving to at least twice that depth

Like most ducks they are essentially herbivorous during

the nonbreeding period and consume selected plant

parts tubers rootstalks winter buds and seeds from a

wide variety of emergent and submergent vegetation For

example a 1939 study of 427 birds found that plant foods

accounted for 79 of summer and 82 of winter food by
volume15 Except during the breeding period animal

foods generally are a small yet variable portion
of the diet

and become a staple of the diet only when preferred plant

foods are unavailable

Because of their broad distribution and adaptability to a

wide range of water chemistries the true pondweeds are

the single most important food resource of canvasbacks

throughout their range32 One species sago pondweed

is of exceptional value and widely sought because of its

abundant seed production in late summer and fall and its

succulent tubers that remain available during winter and

spring Sago pondweed is known to be consumed by

breeding adults439 juveniles5 molting adults9 and during

fall and winter on theprairies3ss6 in California67 and the

Carolinas
4851

Wild celery is likely the second most important food of

canvasbacks but its limitedfreshwater distribution in the

eastern US makes it an important food only in fall and

winter Wild celery formerly grew in great abundance in

the upper Chesapeake Bay866 but now is much reduced

Canvasback females and young consume highpercentagesof animal material to meet the nutritional needs of

egg laying and growth respectively Aquatic insects

especially odonates tricopterans and chironomids and

gastropods are consumed in greatest quantities
452539

In the upper Chesapeake Bay region leaves stems and

rootstalks of wild celery and eelgrass and seeds of sago

pondweed redhead grass
and widgeon grass were the

important plant foods consumed in the late 1950s57

Animal foods included the Baltic clam various other small

molluscs and mud crabs In a more recent study197079Baltic clams were found to be the most important food

item representing 82 volume of the food in 70 gullets

and 85 of the food in 323 gizzards examined49 These

findings indicate a marked shift in diet resulting from the

major loss of SAV in the Bay region

HABITAT REQUIREMENTS

Structural Habitat

Changes in estuarine habitats that affect canvasbacksrelate
primarily to the type and availability of foodresourcesThe preferred foods of canvasbacks are rootedsubmerged

aquatic macrophytes which have declined

markedly in the 1960s and 1970s174243 coinciding with

the decline in the diversity of invertebrate foodsconsumed
by Bay waterfowl36 These changes do notnecessarilyplace canvasbacks in immediate jeopardy but they

suggest declining habitat quality that ultimately may affect

winter distribution and survival and subsequent breeding

performance

The importance of good food resources for wintering

canvasbacks cannot be overemphasized In a recent

study that examined the relationship between body mass

and recapture histories of over 6000 canvasbacks banded

in the upper Chesapeake Bay high earlywinter body

mass was important in some years to both overwinter and

annual survival probabilities22 Abundant food optimizes

overwinter survival probability and providescanvasbacks
the best opportunity for timely migration andsuccessfulbreeding the following spring

Inthe 1950s optimum habitats for canvasbacks inChesapeakeBay were the fresh and brackish estuarineenvironments
that contained plentiful aquatic plant growth and

an abundance of invertebrates5759 Brackish estuarine

waters continue to be the most important wintering

habitats because they remain generally ice free atmidwinter
and because they harbor the shellfish populations

on which canvasbacks now depend49

Recent studies by the author have shown thattidalfreshwater
regions such as the famed Susquehanna Flats

virtually have been abandoned by canvasbacks A notable

exception is the renewed use of the tidal Potomac River

following the
resurgence

of SAV especially Hydrilla13

Water Quality
The degradation of Bay water quality has had the single

greatest impact on the foods available to canvasbacks

Excessive nutrients and sedimentation have led to high

turbidity that shades SAV and limits its growth2 Plant

vigor has been reduced further by epiphytic growth that

is nurtured by high nutrient availability and high water

temperature See SUBMERGED AQUATIC VEGETATION this

volume for SAV water quality requirements

Excessive nutrients and turbidity also have led to lowered

oxygen tensions in deeper water widespread benthic

anoxia under certain conditions and sometimes massive

mortality among benthic communities4053 Excessive

sedimentation also can smother clam and aquatic grass

beds and produce adverse effects on other aquatic life
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SPECIAL PROBLEMS

Disturbance

Although canvasbacks accommodate well to onshoredisturbance
in urban areas they do not tolerate activity on

the water in their general proximity Activities such as

fishing clamming oystering hunting and boating are

sources of disturbance to wintering canvasbacksProlongedor repeated disturbance can prompt permanent

movement of birds from traditional resting or feeding

areas as recorded for scaup on the Mississippi River6 It

is clear that canvasback weight ie body condition can

be reduced by prolonged disturbance particularly if the

birds cannot move to other feeding areas Disturbance can

be especially high during warm winters or early springs

that permit more commercial and recreational use of the

Bay while wintering birds are in residence Presently

there is limited protection of preferred resting or feeding

areas of canvasbacks on the Bay

Vulnerability of Females to Hunting
Female canvasbacks and young of both sexes areparticularlyvulnerable to gunning because of their lack of

wariness and their general segregation from adult males

during fall and winter2441 Females also are vulnerable to

illegal harvest because hunters have troubledistinguishingthem from females of other species especiallymallards
The extent of disproportionate harvesting of females legal

or illegal remains unknown During much of this period

canvasbacks were managed under the area closureconceptwhich prohibited harvesting canvasbacks intraditional
migratory or wintering areas but permitted a one

bird bag ie a mistake bird in all other areas Data now
available on the relationship between sex ratio and flock

size in the Atlantic Flyway show a disproportionateassociationof females with small flocks in small water

bodies or outlying areas away fromlarge maledominated

flocks21 This evidence indicates that these small outlying

flocks will receive greater exposure to gunning resulting

in a disproportionate harvest of females Ongoingtelemetrystudies on Chesapeake Bay by the author will help

to answer questions about the magnitude of illegal harvest

of females Presently canvasback hunting is undercompleteclosure in the Atlantic Flyway while limited hunting

is permitted in Canada and the Pacific Flyway

Winter Feeding
With increased human populations and urbanization of

waterfronts throughout the Chesapeake Bay region and

especially in the upper Bay feeding cereal grains to

wintering canvasbacks has become a widespread activity

Canvasbacks and tundra swans have accommodated to

the urban setting and are the primary species affected by

this activity Although the pros and cons of feeding have

not been thoroughly evaluated it is apparent that feeding

has a major influence on the daytime distribution ofcanvasbacksin this region Feeding serves somewhat toconcentrate
birds associate them with semidomesticnonmigratoryspecies such as mallards and foster a

dependency on such food Association of canvasbacks

with these more domestic situations may also increase

their risk of exposure to disease predation and hunting

Preliminary results of an ongoing telemetry study by the

author indicate that juvenile canvasbacks are attracted to

and become dependent on such feed

Oil Spills
A large oil spill in the upper Bay between November and

March could be catastrophic to Bay canvasbacks and other

waterfowl Each year millions of gallons of petroleum

products mostly fuel oil and gasoline are transported and

stored near the Bay

One major threat is posed by rupture of large storage

tanks A spill of this nature in Pittsburgh in 1987 sent 35
million gallons of fuel oil hundreds of miles down the

Ohio River Asecond major threat comes from commercial

carriers mostly barges The most serious accident in the

Bay occurred in February 1976 when a barge loaded with

no 3 bunker oil sank off Smith Point Virginia spilling

250000 gallons An estimated 30000 birds mostly horned

grebes and oldsquaws were lost46 Fortunately large

flocks of canvasbacks or other pochards were not in the

vicinity of this spill

Increases in commercial shipping from November

through April may increase losses of ducks due to the

discharge of generally small quantities of oil from bilge

pumpings Most small spills probably occur at dockside

loading facilities Another source of oil is runoff from

storm drains after vehicle accidents or other spillsCanvasbacksalso are vulnerable to other potential spills of

toxic chemicals or compounds from industrial areas

around the Bay

Contaminants
Numerous pollutants enter the Bay from industrial urban

and agricultural sources These pollutants include a wide

range
of pesticides agricultural chemicals such asinorganicfertilizers and micronutrients water solublefractions
of petroleum products from highways and other

sources municipal waste waters which contain metals

chromium copper cadmium lead and nutrients and

chlorine from drinking water and other sources Some

contaminants can be amplified in the food chain and have

direct or indirect effects on canvasbacks

Reducing pollution in the watershed may be difficult

because of the rapid growth of the human population

throughout the region Chronic nonpoint source pollution

remains a problem and domestic and industrial effluents
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and agricultural runoff continue to degrade the Bay Our

present knowledge suggests that contaminant levels are

within an acceptable range but we cannot rule outpossiblesublethal effects to some birds under certaincircumstancesor indirect effects such as depletion orcontaminationof food resources The direct effects of

contaminants may be synergistic affected by diet animal

versus plant and they may be exacerbated by winter

stress and food deprivation At the present level of our

knowledge basic dietary changes of canvasbacks on the

Bay appears more likely to affect body condition and

overwinter survival than the current level of contaminant

burdens measured in waterfowl tissues For more details

of the of the effects of toxic substances on canvasbacks

see EFFECTS OF CONTAMINANTS ON BIRDS this volume

Disease
With wintering canvasbacks aggregating in largenumbersan outbreak of disease could have a devastating

impact even wipe out an entire local winteringpopulation
Avian cholera has been the only major recurring

disease that has affected wintering diving ducks on the

Bay This disease has occurred in epidemic proportions

among oldsquaw and goldeneye but for unknownreasonshas not infected canvasbacks or other pochards31

The greatest disease risk to canvasbacks and waterfowl

other than seaducks in the Bay is their association with

semidomestic nonmigratory waterfowl mostlymallardsthat concentrate at feeding stations at urban centers

and marinas Duck viral enteritis has occurred at some of

these areas and potentially could affect wild populations

Fortunately no major disease epidemic has been reported

for canvasbacks in the Bay region

RECOMMENDATIONS

Several recommendations can be made for actions that

would improve conditions for canvasbacks onChesapeakeBay Management efforts should be designed to

improve the abundance and quality of foods available to

wintering canvasbacks which would improve theiroverwinter
survival rates

Water Quality
Improving water quality would have the most important

impact on the aquatic environment ofthe Bay Any actions

that will improve water clarity and reduce nutrientburdensand sedimentation are of primaryconsideration See

BLACK DUCK Recommendations this volume for a list

of such actions

the importance of Chesapeake Bay as a major wintering

area for the species and 2 to improve hunters ability to

identify canvasbacks especially females Actions toimprovepublic awareness might include hunter education

courses highly visible signs at field locations to informthe

public of critical canvasback areas providing information

with waterfowl licenses and distributing information at

appropriate outlets such as outfitting stores wildlife

management areas marinas boat ramps and refuges

Efforts to better informthe public should occur at the state

federal and local level and should involve waterfowl

management law enforcement and private conservation

organizations

Refuges
The possibility of establishing refuges for

winteringcanvasbacksand other diving ducks should be investigated

Areas do exist eg adjacent to public and institutional

lands that easily could be closed to hunting boating or

other disturbances It is particularly important to protect

traditional areas for daytime resting Many urbanlocations
especially in the upper Chesapeake Bay also could

provide excellent refuge areas

Research
Research is fundamental to understanding the ecological

nutritional and energetic relationships of winteringcanvasbackson the Chesapeake Bay Research is needed to

guide our population management and habitat restoration

efforts For instance we need to understand better how
winter nutrition affects overwinter survival andproduction

in canvasbacks We need to measure the magnitude

and identify the causes of female mortality during winter

and throughout the annual cycle Much needs to be

learned about habitat use by canvasbacks and thedynamicsof their primary food resources

CONCLUSION

Although canvasback numbers have declined on the

Chesapeake Bay over the past three decades the Bay

remains an important wintering habitat for the species

fromboth a regional and a continental perspectiveHabitat
degradation leading to the loss of SAV has had the

greatest impact on Bay waterfowl populations including

canvasbacks Fortunately canvasbacks have been able to

switch to other available foods namely small shellfish for

subsistence otherwise like redheads they probably

would have abandoned the Bay for more favorable winter

quarters

Hunter Education
New emphasis should be placed on hunter education and

awareness concerning canvasbacks This effort should be

designed to1 informhunters of canvasback ecology and
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REDHEAD
Aythya americans

G Michael Haramis

US Fish and Wildlife Service

Patuxent Wildlife Research Center

Laurel Maryland

T he redhead duck historically was one of the most popular game ducks

in the Chesapeake Bay region second only among diving ducks to the

larger more abundant canvasback An almost exclusive consumer of

submerged aquatic vegetation SAV the redhead never equaled the

prominence of the canvasback as a Bay winter resident but rather favored

more southern winter quarters where plant foods remained available The

redhead was thus an abundant although sporadic fall and spring migrant
and wintering birds displayed exclusive dependence on SAV

With similarhabitat requirements and life histories redhead and canvasback

populations both have declined with the encroachment of man on breeding

migration and wintering areas Both species have been sensitive to ecological

changes such as loss and degradation of habitats throughout their range As
SAV has declined in the Chesapeake Bay redheads essentially have abandoned the region while canvasbacks

have switched to shellfish as alternate food resources In the mid 1950s about 70000 redheads wintered on

the bay representing 40 of the Atlantic Flyway population They have dwindled over the last decade to

2000 birds annual average estimate representing only 2 of the Flyway total Among diving ducks the

redhead is the best indicator species of the health of Bay SAV Clearly the returnof the redhead to Bay waters

will mark a major milestone in restoration of the Bay

INTRODUCTION

The redhead is one of the finest of North American game
ducks It is widely distributed and well known among the

inland diving ducks it ranks second in popularity only to

the canvasback At first glance redheads and canvasbacks

seem somewhat similar in many aspects
of their natural

history behavior and even appearance Closerinspectionhowever reveals many distinct differences indistribution
breeding strategy feeding ecology andappearance

For redheads the Bay was of high regional importance in

the Atlantic Flyway but far less significant than major

winter concentration areas in the Gulf of Mexico Like the

canvasback the redhead was attracted to Chesapeake Bay

by the extensive estuarine habitat and ready availability

of SAV the species preferred food One species ofsubmerged
vegetation even bears the redheads nameredhead

grass

The degradation of the Chesapeake Bay particularly the

loss of SAV over the past several decades has prompted

a nearabandonment of Bay waters by redheads leaving

only a remnant population today Restoration of SAV will

be necessary before large numbers of redheads will return

to the Bay

BACKGROUND

Taxonomy and Nomenclature
The redhead is one of 14 closely related species of diving

ducks world wide called pochards or more commonly

bay ducks14 Taxonomically this group belongs to the

familyAnatidae waterfowl subfamily Anatinae ducks
tribe Aythyini pochards In North America five common

species belong in this group and all are members of the

single genus Aythya2 They are the redhead canvasback

ringnecked duck and the greater and lesser scaup
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Like the canvasback the redhead was not recognized as

a species by ornithologists until relatively late presumably

because of its similarity to the common pochard of

Europe Two prominent American ornithologists John

James Audubon and Alexander Wilson evidentlyconsideredthem the same species Eyton first described the

redhead as a separate species in his Monograph of the

Anatidae in 1838 The first American Ornithologists

Union checklist in 1886 classified the species as Aythya

americana

The redhead is known throughout its range by many local

names such as American pochard redheaded pochard

redheaded duck redheaded broadbill redheaded raft

duck fiddle duck and mule duck33

Geographic Range
The redhead breeds throughout the mixed prairie country

and adjoining aspen parklands extending from Nebraska

and the Dakotas north to the Minnedosa pothole country

Manitoba and west to Edmonton Alberta Particularly

large and dense breeding populations occur at isolated

lakes and marshes of the west especially in the Great

Basin For example the greatest concentration ofbreedingredheads in North America occurs in the marshes

adjoining the Great Salt Lake Utah where the bulk of

Utahs 130000 redheads breed at a density of 355 birds

per square mile7

Unlike canvasbacks which rarely winter in salt water

redheads commonly winter in large flocks in marine

waters or hypersaline lagoons Flocks of 100000 or more

sometimes can be seen at the Laguna Madre of coastal

Texas and Mexico This area accounted for 78 ofredheads
surveyed on the winter inventoryfrom 1948 through

1962 whereas the Chesapeake Bay and coastal sounds of

North Carolina accounted for 119 Florida 45 and the

west coast of Mexico 23 G0 Populations of redheads that

once wintered in the Chesapeake Bay and North Carolina

are believed to have relocated to the Gulf of Mexico The

1990 winter inventory reported 107000 redheads on

Florida waters representing 93 of those surveyed in the

Atlantic Flyway file data USFWS Office of Migratory Bird

Management Laurel Maryland

Redheads use several migration routes from breeding

grounds to wintering areas The major Great Plainsmigration
corridor extends from Manitoba to the lower Texas

Gulf Coast Eastward from the central prairie region

migration crosses the Great Lakes to concentration areas

at Lake St Clair the Lake Erie marshes and Long Point

Ontario60 From these locations birds either move on to

Chesapeake Bay and south along the east coast orapparently
fly directly south to the Florida Gulf7

Morphology
Similarities between redhead canvasback and common

pochard of Eurasia long have been noted byornithologistsThe redhead generally is considered to be closest

to the common pochard in overall appearance andbiology4514
Although males of all three species have areddishchestnuthead and neck black bib white belly and

black rump the redhead is easily distinguished by being

darker having a rounded rather than wedgeshaped head

and bill profile a bluish bill with white and black tip and

a brilliant yellow eye In North America redheads are

sometimes confused with canvasbacks which have a

black bill and a striking red eye Body and wing plumage

of the male redhead is finely vermiculated and dark gray

while that of the canvasback is coarsely vermiculated and

white Thus at a distance flocks of redheads look
gray

rather than white like canvasbacks

A striking similarity between the adult male redhead and

common pochard is their uniformly reddishchestnut

head and neck coloration whereas that of the canvasback

is washed in black The head and neck plumage of the

redhead however has a greater degree of coppery sheen

and purplish iridescence than either of the other species

The redhead female is quite distinct from the common

pochard or canvasback female in being darker and more

uniform in color

Redheads are slightly smaller than canvasbacks butconsiderablylarger than common pochards For example

January body mass of adult males averaged 1226 g for

New York redheads
52

1326 g
for Chesapeake Baycanvasbacks38and 849 g

for common pochards in the Camargue
France6

In flight redheads can be distinguished from canvasbacks

by their gray appearance shorter necks and somewhat

more rapid wingbeat and from scaup by their
gray

rather

than white speculums Redheads
migrate in v shaped

flocks or long irregular lines but their local movements

are erratic and less organized resembling scaup rather

than canvasback At great distance redheads are almost

impossible to tell apart from greater scaup a species they

often associate with in brackish or marine waters

Status and Distribution in the

Chesapeake Bay
The Chesapeake Bay redhead population has undergone

longterm decline at least since the early 1970s4446

primarily in response to the catastrophic loss of SAV

Other possible causes for the decline include heavy

poaching pressure at an important remote concentration

area in Tangier Sound relatively poor breeding habitat

conditions due to longterm drought and unusually cold

winter weather in the late 1970s that may have forced

redheads to migrate farther south
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Canvasbacks and redheads both have declined with the

encroachment of man on breeding migration andwinteringhabitats Both species have been sensitive to loss and

degradation of habitats and other ecological changes

throughout their range especially on prairie breeding

grounds Both are especially vulnerable to hunting and

were harvested heavily during the market hunting era

Both species have been managed carefully with highly

restricted or complete closure of hunting season during

periods of especially low populations such as 19601963

following severe drought in prairie nesting habitats16

Reproductive success of both species is tied intricately to

prairie breeding habitat conditions particularly thenumberand quality of prairie wetlands available for nesting

Although the annual breeding population surveyBreeding
Population Index USFWS Office of Migratory Bird

Management Laurel Maryland shows the redhead and

the canvasback as the two least abundant species the

survey does not accurately reflect the size of thecontinentalredhead population because it does not cover many

major redhead breeding areas

Redheads generally are more easily censused in winter

when they aggregate in large flocks in open waterhabitatsBut their use of wintering habitats is unpredictable

and they often raft as much as several miles offshore

where they easily go undetected The Atlantic Flyway

midwinter inventory between 198089 estimated the

average annual redhead winter population at 407500
while over the same period the Gulf Coast surveyestimatedthe average annual population at 758000 Given

the potential for errors these estimates are generallyconsidered
conservative

The highest Chesapeake Bay redhead populations were

recorded during the mid 1950s a period when all prairie

nesting waterfowl populations were high Winter surveys

of 1955 and 1956 found 115400 and 118800 redheads on

the Bay with 90 of these birds in the upper Bay of

Maryland During fall and spring migration redheads

used fresh upper Bay and slightly brackish middle Bay
areas where they found an abundance of submerged

aquatic plants During harsh winter periods with icing the

birds moved farther down the Bay to salt estuarine areas

where eelgrass and widgeon grass were the primary

foods For example during monthly aerial surveys in

winter 195859 Stewart55 found all readheads onSusquehannaFlats during November and threequarters of

them there

in

March The brackish estuarine bays were

the most important areas during the winter especially

Eastern Bay the Choptank River and the Honga River In

other years large local populations were noted in the

GunpowderMiddle River area 5556 in Eastern Shoretributaries
extending from the Pocomoke to Chester Rivers

and in the Patuxent River and middle and lower Potomac

areas on the Western Shore

Drought caused canvasback and redhead populations to

plummet in the late 1950s Bay redheads declined to an

annual average of 46400 during the period 196166Redheadsshowed further decline in the Bay in the late 1960s

especially following the 1972 storm Hurricane Agnes

which devastated SAV2343

With the decline of fresh and brackish submergedvegetationin the upper Bay redheads made a generally higher

use of eelgrass and widgeon grass beds in the lower Bay
especially the Tangier Sound area of Virginia Paralleling

this use pattern numbers of redheads in North Carolina

primarily Pamlico and Core Sound increased sharply

suggesting a shift in distribution of Bay redheads to these

areas Redheads in North Carolina increased from an

annual average of 4900 in 197075 to 40600 in 197682
This eightfold increase also may have been related to

harsher winter weather in the late 1970s when lengthy

periods of cold temperatures and ice cover were common
on the Bay

During the 1980s numbers of redheads declined to

record lows in Chesapeake Bay Winter surveys reported

between 800 and 4300 Bay redheads with an average of

2000 North Carolina also experienced a precipitous

decline of redheads during the same period with average

estimates of 6600 birds over the past eight years The

recent decline of redheads in their traditional east coast

wintering areas of Chesapeake Bay and North Carolina

coincides with the general increase in numbers of birds

now wintering along the Florida Gulf coast

Such abrupt distributional changes seem somewhatcharacteristicof redheads For example ornithologist John C
Phillips noted in his classic 1925 treatise that the redhead

is so particular about its food that it is extremely irregular

in its appearance so much so in fact that in regions

where it is usually seen in thousands it may almostdisappearfor a term of years48

LIFE HISTORY

The nesting habitat of the redhead has been summarized

as nonforested country with water areas sufficiently deep

to provide permanent and fairly dense emergentvegetationfor nesting cover 60
These requirements are met in

northern prairies of the US and southern Canada in the

aspen parklands of the prairie provinces of Manitoba

Saskatchewan and Alberta and in the alkaline lakes of the

western US

Mixed prairies and parklands form the most extensive

breeding habitat for the redhead but the greatest densities

of birds are most often found in the isolated breeding

marshes of the west Here the redhead appears as a

colonial nester an adaptation to these wetlands that

seems to belie the origin of the species6° In contrast the
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canvasback is a species of small water areas where it is

isolated even on large marshes it occurs only in low

densities

The chronology of migration of the redhead from the

central plains region is similar to that of the canvasback

Staging occurs in September and major migration isunderwayin October and November Most birds are on their

wintering grounds by late November

Redheads leave their more southerly wintering areas in

the Gulf of Mexico in late February and at more northerly

locations like Chesapeake Bay in mid March They spend

four to six weeks moving fromwintering to breeding areas

with peak arrival in the central prairie region occurring in

April

The redhead is seasonally monogamous and pairs early

on the wintering ground61 Early pairing seems to be

adaptive to the species highly developed role as a nest

parasite59 Redheads commonly lay eggs in the nests of

other waterfowl or other redheads who subsequently

incubate and parent their young It is typical for such

parasitic
females to later nest on their own59 Nestparasitism

can account for significant production at theFarmingtonBay Waterfowl Management Area Utahinterspecificnest parasitism accounted for 43 of redhead

production19

The canvasback is the preferred host of the redhead and

where the two species overlap inrange canvasback nests

are usually heavily parasitized
1058 Many believe

parasitism might detract significantly from canvasback

production whereas it can be beneficial to redheadproductionThe efficiency of nest parasitism is however

intricately related to both the density of hosts andparasitesand heavy parasitism can disrupt nesting and result

in nest abandonment or poor hatchability

Redheads typically nest in emergent vegetationcommonlyof hardstem bulrush or cattail2729365162 Nests typically

are located in flooded vegetation in close proximity to

open water and wide bands of emergent vegetation in

larger potholes usually are preferred over smaller ordisruptedstands for nesting2729

In the absence of more favorable nesting cover redheads

may nest in nearby upland usually within a few feet of

open water2134 It is suspected that this practice permits

the species early use of newly created wetlands that have

yet to develop good emergent nesting cover

Because of generally widespread nest parasitism the

number of eggs laid by individual redheads is difficult to

determine It is likely that a female would lay 810 eggs in

her own nest sometime after laying up to a similarnumber

of eggs parasitically Some parasitized nests can contain a

large number of eggs parasitized nests in the Bear River

Marshes varied from 1939 eggs62 A summary of 1380

nests reported fromeight different studies found redhead

clutch size to range from 89138 eggs with an average

of 10859

In general habitat conditions weather predation and

breeding bird density competition can result inconsiderable
variation in nest success Redhead nest success has

been reported as high as 85 at Grays Lake in Idaho53

and as low as 15 in Montana where nest parasitism and

desertion were instrumental in nest failure9 A summary

of hatching success of 1054 redhead nests from numerous

studies reported an average nest success of 527

Inasmuch as redheads normally construct overwater

nests rising water level or wave action can flood or

destroy nests3051 whereas falling water or drought can

leave nests exposed to mammalian predators such as

skunks coyotes and red foxes Under normal nesting

conditions mink and raccoons are the most serious threat

to redhead nest success although crows and magpies also

can be important The raccoon recently extended its range

into the prairie pothole region in the 1950s and has since

become a serious nest predator of prairie ducks20 In one

study in Utah California gulls destroyed 29 of eggs in

poorly concealed redhead nests40

Brood survival is believed to be high although female

redheads are suspected to be lessattentive to young than

are females of other species Nearly fullgrown broods

decline only about 10 from an average size of 62ducklingsat hatching Because of their late initial nesting

redheads are not known as strong renesters Only10 and

15 of redhead nests were determined to be renests in

studies in Iowa and Montana respectively2930 The late

nesting of redheads at more northern latitudes such as in

the Canadian prairies may further reduce opportunity for

renesting there Strong renesting was howevercharacteristicof an isolated breeding population of redheads

along the St Lawrence River where parasitism was not a

prevalent component of nesting behavior1

ECOLOGICAL ROLE

The redhead is a seasonal winter resident of Chesapeake

Bay Because its feet are placed well back on its body the

redhead is unable to walk or land on land and depends

totally on the aquatic environment for its liferequirementsThe redhead therefore is unable to adapt to

feeding on waste grains in agricultural fields as is now

common for dabbling ducks geese and swans

The redhead dives in shallow to mediumdepth water

usually 3 m and where possible seems to prefer to tip

up or dip for food like dabbling ducks rather than dive

For example tipping up is a prevalent feeding behavior
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for concentrations of redheads wintering in the Laguna

Madre where the average water depth is about 05 m

In winter redheads are highly gregarious commonly

congregating in large numbers Flocking seems animportant
strategy for synchronizing activity and moreefficiently

providing food and protection fromweather andpredators
in a large openwater environment

In comparison to canvasbacks redheads seem to be more

flexible in adapting ecological strategies as seen in their

parasitic nesting habit The ability to move to morefavorableenvironments at all times of the year seems more

evident in the redhead For example their transient and

sporadic nature on wintering grounds has been noted by

several authors
254855 and probably relates to their ability

to locate the most favorable foraging areas On thebreedinggrounds redheads have shown the ability to pioneer

new areas quickly34 and during the reproductive cycle

they have been depicted as more opportunistic foragers

consuming a diversity of available abundant foods rather

than a small variety of preferred foods as noted for

canvasbacks39

The parasitic nature of the redhead and the ability to breed

in greater densities than canvasbacks suggests that they

have a higher rate of increase and can sustain a higher

population given the same amount of habitat It follows

that redheads can both increase their number morequicklythan canvasbacks in response to improvedenvironmental
conditions as well as sustain higher populations

when faced with high levels of interspecific competition

provided competition comes from species that serve as

adequate hosts for nest parasitism

Food habit studies have clearly shown redheads to be the

most highly vegetarian of North American pochards at

nearly all seasons of the year In comparison to thecanvasbacktwo physical characteristics perhaps belie this

vegetarian habit a substantially larger gizzard personal

communication MC Perry Patuxent Wildlife Research

Center and higher gizzard grit volumes for grinding

fibrous foods4 Redheads prefer rhizomes seeds and

tubers produced by numerous submerged aquatic plants

found throughout their range The most important plants

are those broadly classified in the pondweed family

These include many of the true pondweeds as well as

allies including eelgrass and widgeon grass Members of

this group are broadly distributed and tolerate a wide

range of water chemistries including fresh brackish

marine and alkaline conditions3132

important to redheads and certainly so to canvasbacks

but several other species are also important Othersubmerged
aquatic plants important to redheads are the

naiads especially southern naiad and wildceleryRedheadsare also one of few waterfowl that feed heavily on

muskgrasses512263739 Other important plants in their diet

are the seeds of sedges especially common threesquare

and river bulrush wild rice water lilies and smartweeds

Snails and a variety of aquatic insect life are important

animal foods

As shown with other ducks female redheads increase

their protein intake during egg laying by consuming

higher percentages of animal foods such as caddisfly and

midge larvae largemouth bass eggs and odonate

dragonfly and damselfly nymphs53963 Breedingredheadshave been reported to be more opportunisticforagersthan canvasbacks changing their diet among the

reproductive stages and except during laying consuming

the most abundant foods available39 Canvasbacks seem

to maintain a higher portion of animal food in the diet

during the entire reproductive period whereas redheads

revert back to plant foods soon after completion of egg

laying Redhead ducklings also require high protein for

rapid growth but seem to eat less animal foods than

canvasback ducklings and revert more quickly with age

to a plant food diet 511

During winter the redhead also remains a highlyvegetativefeeder At the Laguna Madre Texas Apalachee Bay

Florida and Pamlico Sound North Carolina rhizomes

of shoalgrass have been reported as their primary

food 11354757 In the mid1950s on Chesapeake Bayredheadsfed primarily on the leaves stems rootstocks and

seeds of various submerged aquatic plants55 In the fresh

estuarine bays of the Potomac Gunpowder and Bush

Rivers several pondweeds including sago and grassleaf

pondweed and naiad were taken in large quantities Also

taken were widgeon grass waterweed bulrush wildrice

and snails In brackish estuarine bays of the Chester and

Choptank Rivers and Eastern Bay redhead grass and

eelgrass were the most important food items Also taken

were corn as bait widgeon grass waterweed and the

marine algae sealettuce and hollow green seaweed

Animal foods comprised only 10 of food volume and

consisted primarily of mud crabs Xanthidae and Baltic

clams In salt estuarine bays Stewart55 found redheads

consuming a high percent of bait corn and sorghum
followed by eelgrass widgeon grass and redhead

grass

HABITAT REQUIREMENTS

Early largescale food habit studies of redheads found

pondwe°ds to comprise 3040 of the redhead diet2612

Other more local studies have also confirmed thisfinding359244950
including studies in the Chesapeake Bay55

Among the pondweeds sago pondweed is probably most

Expansive shoalwater habitats offering protection from

weather and predators and an abundance of food have

made Chesapeake Bay an historic migration andwintering
region for the redhead Abundant food increases the

chance of survival of migrating and wintering redheads
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and affords them the best opportunity for timely spring

migration and successful breeding

The decline of redheads on the Bay coincides with the

demise of vascular aquatic plants which has resulted

primarily in response to increased turbidity caused by

excessive nutrients and sedimentation Redheads can be

reestablished in the Bay only through restoration of SAV

which in turn depends primarily on improvements in

water quality

Water Quality
Water quality must be improved to allow widelydistributed

growth of SAV High nutrient burdens andexcessivesiltation have led to exceptionally high algal and

particulate turbidity that shades SAV and limits growth

Plant vigor has been further reduced by coatings of

epiphytes that are nurtured by excessive nutrients and

high water temperature See SUBMERGED AQUATICVEGETATIONthis volume for SAV water quality requirements

High turbidity has also prompted marked thermalstratification
during the summer which reduces oxygen in

deeper water and contributes to expanded benthic

anoxia 4153 Such conditions can trigger massive mortality

among benthic communities Guidelines for water quality

parameters for five primary redhead food plants are given

in Table 1

SPECIAL PROBLEMS

Illegal Hunting
The majority of the remaining Chesapeake Bay redheads

are located in the remote waters in the SmithIslandTangierSound area where they are difficult to protect from

poaching and illegal sport hunting An undercoveroperationand subsequent raid on Tangier Island by US Fish

and Wildlife Service law enforcement agents in the mid

1970s led to over 80 cases and uncovered an estimated

illegal kill of 30005000 redheads over a threeyear

period Because of the limited redhead population now

remaining on the Bay these birds must be protected or

face even further decline

Oil Spills
As with all diving ducks using the Chesapeake Bay a large

oil spill during NovemberApril could devastatepopulations
Oil is a killer of

wintering waterfowl and water birds

of all kinds because it destroys the water repellant and

insulating quality of the plumage resulting in death from

exposure In winter only a small portion of the plumage

need be affected to put a bird at serious risk due to heat

loss Even small quantities of oil from bilge pumpings or

other sources can be extremely harmful

The flocking nature of redheads and other pochards

means that oil spills could threaten a major portion of the

population A spill in the lower Detroit River in the spring

of 1960 resulted in the loss of over 10000 diving ducks

The most serious spill in Chesapeake Bay occurred in

February 1976 when a oil barge carrying no 3 bunker oil

sank in the lower Bay in Virginia45 As a result more than

30000 waterbirds mostly horned grebes and old squaws
were lost The timing and location of the spill wasfortuitousbecause large flocks of pochards were not present

Contaminants
Chesapeake Bay receives a substantial burden of toxic

chemicals from a variety of sources including industrial

urban municipal and agricultural runoff Many of these

chemicals and metals enter the food chain and may be

amplified at higher trophic levels No direct data exists on

exposure of redheads to toxics in Chesapeake BayHowever

it is known that SAV can metabolize contaminants

from sediments and the water column that may bepotentiallyharmful to redheads For example lead andcadmium
levels have been found to be higher in Bay SAV than

in Bay shellfish
15

For further information on the effects of

contaminants on waterfowl see EFFECTS OF CONTAMINANTS

ON BIRDS this volume

Disease

Whenever freeranging waterfowl
aggregate in largeconcentrationthe effect of a disease outbreak couldpotentiallybe devastating Fortunately no major avianepidemicshave affected pochards in Chesapeake Bay Avian

cholera has occurred frequently in sea ducks primarily

oldsquaw and common goldeneye in the Bay but has for

unknown reasons not affected pochards28 The greatest

threat to redheads is their potential exposure to duck viral

enteritis DVE that has occurred among localsemidomestic
flocks of mallards and other waterfowlconcentratedat feeding stations in urban centers and marinas

Over the last decade the few redheads that frequent the

Bay have been found in remote areas such as Tangier

Sound where there is little risk of exposure to disease

generated in urban areas

Disturbance
Increased commercial and recreational activity on the Bay

can increase disturbance to wintering redheads They

show varying degrees of tolerance to onshoredisturbancebut are intolerant of boats and lowflying aircraft

During the cold winter months boat traffic usually is

restricted to commercial vessels in exceptionally warm

winters however the Bay attracts increased recreational

activity that threatens the habitat for wintering waterfowl

RECOMMENDATIONS

Water Quality
Improvement in water quality is necessary to restore SAV
in the Chesapeake Bay The actions outlined in the

Recommendations section of the Black Duck chapter
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would improve water quality and greatly enhance the

habitat for redhead ducks on the Bay

cycling contaminants energetic and nutritionalrelationshipsof redheads and reestablishing SAV in the Bay

Law Enforcement and Hunter Education
New efforts should be made to inform the public of the

plight of the redhead on the Bay and the actions needed

to restore this important game duck to Bay waters It is of

special importance that redheads be given the fullest

protection under the law and especially in their remaining

stronghold in Tangier Sound where flagrant poaching has

occurred in the past Efforts should be made to better

inform the public of important redhead wintering and

migration areas and to educate hunters to identify this

species

Research
Innovative research should be given full support to guide

redhead population and habitat restoration efforts on

Chesapeake Bay Much needs to be learned about nutrient

CONCLUSIONS

Redheads formerly used a wide variety of habitats in

Chesapeake Bay as was well documented by Stewart in

the 1950s5556 Under the present degraded water quality

conditions SAV in the Bay has been greatly reduced

making habitat far less attractive for redheads throughout

the migratory period but especially at midwinter With

restoration of water quality and the return of SAV the

Chesapeake Bay can again be a significant winter habitat

for redheads
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COLONIAL WADING BIRDS
HERONS AND EGRETS

R Michael Erwin and Jeffrey A Spendelow

US Fish and Wildlife Service

Patuxent Wildlife Research Center

Laurel Maryland

S
ix species of colonially nesting wading birds the

great blue heron great egret snowy egret little blue

heron greenbacked heron and blackcrowned

night heron are prominent avian residents of theChesapeakeBay region They are top carnivores in a complex
food web and thus may be useful as indicators of change in

wetland quality Except for little blue herons there is little

evidence to suggest that populations in the bay may be

declining in fact it seems likely that great blue herons are

increasing Although populations may not currently be

declining several factors are of concern 1 loss of water

quality necessary to support submerged aquatic vegetation

SAV beds hence good nursery areas for fish and crabs

2 loss of wetlands due to siltation agriculture and sea

level rise3 disturbance at islands or other colony sites by
boaters and other types of human activity We recommend
that water quality conditions be improved so that a large

prey base is maintained that colony sites especially large

J ones receive special status for protection that riparian

zone buffers be strongly protected and that feeding areas surrounding colonies receive protection

INTRODUCTION

Six species of colonially nesting wading birds reside in the

Chesapeake Bay region Most migrate from the region in

winter but small numbers of great blue herons andblackcrowned
night herons are yearround residents Overall

numbers of birds have not declined in the past 1020 years

In fact numbers of great blue herons may have increased

however earlier
surveys were probably incomplete The

largest nesting colony along the Atlantic Coast is onNanjemoyCreek near the Potomac River in Southern

Maryland

The critical factors for sustaining populations of colonial

wading birds are 1 isolated forested islands or extensive

bottomland riparian forests with limited human access

and disturbance for nesting and 2 extensive wetlands

for feeding with good interspersion of low and high

marsh pools and tidal tributaries

The current Chesapeake problems of high turbidity low

dissolved oxygen depleted SAV and increasing Bay

water levels all will prove inimical to wading birdpopulationsover time because suitable wetlands require a longer

period to develop than they do to degrade

BACKGROUND

Nomenclature and Taxonomy
Nine species of colonial herons and egrets in the family

Ardeidae order Ciconiiformes frequently nest together or

in close proximity in mixedspecies colonies and feed on

a variety of aquatic and terrestrial organisms in the same

or similarhabitats in the Chesapeake Bay area Six of these

species the great blue heron Ardea herodias great egret

Casmerodius albus snowy egret Egretta thula little

blue heron Egretta caerulea greenbacked heron

Butorides striatus and blackcrowned night heron

Nycticorax nycticorax will be discussed here in a single
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narrative account Yellowcrowned night herons and

tricolored herons are excluded here because of their small

numbers in the Bay Cattle egrets are not included because

they are not truly a wetland species Except for the black

crowned night heron all the species discussed here are

placed by taxonomists in the tribe Ardeini as being typical

herons The blackcrowned night heron is placed with

other night herons in the tribe Nycticoracini

Range
Great blue heron
Great blue herons breed in North America as far north as

Nova Scotia on the Atlantic coast west across

southeastern and central Canada to southern and coastal

British Columbia and northwest to southeastern coastal

Alaska From the northern limits of their range they breed

south throughout the United States except inmountainousareas to Florida and the Gulf of Mexico and in

much of Mexico as far south as Veracruz One subspecies

also nests on the Galapagos Islands131 The occidentalis

group which breeds in southern coastal Florida on many
islands in the Caribbean and on the coast of the Yucatan

Peninsula and the Los Roques Islands off the northern

coast of Venezuela often was treated in the
past as a

separate species the great white heron but is now
generally accepted as being conspecific with the great

blue heron The great blue herons nesting in theChesapeakeBay area are placed in the nominate subspecies A
h herodias27

Great blue herons are yearround residents of Chesapeake

Bay They winter as far north as the southern New England

coast west through southern Ontario the Ohio River

Valley central Missouri and Nebraska Wyomingsouthern
Idaho and Washington and northwest along the

Pacific coast to British Columbia and southeastern Alaska

From these northern limits they winter throughout the

southern US south through Mexico Central America and

the West Indies to northern South America from

Venezuela west to western Ecuador

Great egret
Great egrets are virtually cosmopolitan They breed in

North Central and South America in the New World in

Africa south of the Sahara and in Madagascar in central

Europe Turkey Iran and India east through China to

Japan and in most of Southeast Asia the East Indies the

Philippines New Guinea Australia and New Zealand In

eastern and interior North America they breed from

southern Maine south along the Atlantic coast to Florida

west along the Gulf coast to Mexico inland up theMississippiRiver Valley to southern Indiana and the southern

Great Lakes in the northeast and northwest tosoutheasternWisconsin and central Minnesota and also locally

in southeastern Saskatchewan and southwesternManitobaIn western North America they breed from southern

Oregon and Idaho south along the coast and inland in

California Nevada and southwestern Arizona south into

Baja California and along the Pacific coast of Mexico into

Central America Great egrets also breed throughout the

Bahamas and the Antilles131 The great egrets nesting in

the Chesapeake Bay area are placed in the subspecies C
a egretta27

In North America great egrets winter along the east coast

from North Carolinawest along the Gulf coast through

the central parts of Texas New Mexico Arizona and

Nevada to as far north as northern California on the

Pacific coast

Snowy egret

Snowy egrets breed only in the New World on the coasts

of North America and throughout the Antilles Central

America and South America as far south as southern Chile

and central Argentina In eastern North America they

breed throughout the southern parts of the Gulf coast

states and Florida north along the Atlantic coast as far as

Maine and inland up the Mississippi River Valley as far

northeast as southeastern Wisconsin and the southern

Great Lakes and as far northwest as eastern and central

Texas central Oklahoma and central Kansas In western

North America snowy egrets
breed as far north asNorthern

California Nevada southeastern OregonsouthwesternIdaho Montana and South Dakota1293 The

snowy egrets that nest in the Chesapeake Bay area are

placed in the nominate subspecies E t thula27

Snowy egrets winter on the east coast from South Carolina

south and west across the Gulf coast along the west coast

from northern California south and east to southwestern

Arizona and throughout the West Indies to Central and

South America

Little blue heron
Little blue herons breed only in the New World on the

coasts of North America and throughout the Antilles

Central America and South America as far south as central

Peru on the west side of the Andes and in eastern Peru

central Brazil and Uruguay on the east side of the Andes
In eastern North America they breed throughout the

southern parts of the Gulf coast states and Florida north

along the Atlantic coast as far as Maine and inland up the

Mississippi River Valley as far north as southwesternKentuckyand southeastern Missouri west through southern

Arkansas into central Oklahoma and south from there

through central and eastern Texas They do not breed on
the US Pacific coast but have bred recently insoutheasternNew Mexico and southern California3 Little

blue herons winter as far north as coastal Virginia south

and west across the Gulf coast to southern Baja California

and southern Sonora Mexico south throughout the

breeding range
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Greenbacked heron
There are two recognized subspecies of greenbacked

heron Butorides striatus striatus and B s virescens the

latter occupying the Chesapeake Bay The virescensgroup

breeds in the New World throughout the eastern and

central US south in the West Indies and Central America

to Panama where it comes in contact with the more

southern striatus group In North America the virescens

group breeds as far north in the east as New Brunswick

west across southern Quebec southern Ontario northern

Michigan Wisconsin and central Minnesota south along

the western edge of the Great Plains states the Dakotas

Nebraska and Colorado to northcentral New Mexico

west across southern Utah southern Nevada andnorthern
California and north from there to Vancouver Island

and southwestern British Columbia The virescens group

winters in North America as far north on the Atlantic coast

as South Carolina south and west across northern Florida

south Louisiana Texas Arizona to southeasternCaliforniaand as far north on the Pacific coast as western

Washington and south from these northern limits

throughout the breeding range to northern Columbia and

northern Venezuela

The striatus group considered by some to be a separate

species the striated heron breeds in the New World from

Panama and northern South America in Venezuela and

Columbia south as far as southern Peru centralArgentinaand Uruguay and in the Old World inAfrica south of

the Sahara fromthe Red Sea to the GulfofAden on islands

in the Indian Ocean east as far north as northern China

in Japan and throughout southeast Asia the East Indies

and the Phillipines and south to Australia and southern

Polynesia

Falkland Islands They also breed in the Bahamas and the

Great Antilles

The blackcrowned night herons that breed in theChesapeakeBay area are placed in the subspecies N n
hoactli27

In North America blackcrowned night herons winter as

far north as southern New England south and west across

the lower Ohio River Valley to southern Texas central

New Mexico northern Utah and southern Oregon on the

Pacific coast and from these areas south throughout their

breeding range

LIFE HISTORY

Morphology and Identification

Members of the familyArdeidae typically are longlegged

longnecked birds that hold their necks in an Sshaped

position while in flight They typically catch fishamphibiansaquatic invertebrates and sometimes small

mammals and birds with their spearlike bills27 The areas

around the eyes and base of the bill are bare and in many

species become brightly colored during courtship The

sexes are generally similar in plumage Several species

have plumes usually on the head neck and back that

are used in courtship displays Descriptions of thebreedingplumage of the six species of interest are given below
more detailed descriptions of the nests eggs hatchlings

downy young juveniles and nonbreeding birds are

given by Palmer 27

Blackcrowned night heron

Spendelow and Patton3 noted that blackcrowned night

herons breed on all continents except Australia andAntarcticaIn the Old World they breed from theNetherlands
east across central and southern Europe tosouthcentralRussia in the north and further south throughout

India and across China to Japan the Philippines and the

East Indies in the Hawaiian Islands south locally through

Polynesia in northwestern Africa south locally through

East and South Africa and in Madagascar In eastern and

central North America they breed as far north asnortheasternNew Brunswick and Nova Scotia on the Atlantic

coast and to the St Lawrence River inland west across

southern Quebec southern Ontario southern Michigan

central Wisconsin central and northwestern Minnesota

southern Manitoba central Saskatchewan andeastcentral
Alberta and south through the Great Plains to the

Gulf coast In western North America they breed on the

Pacific coast as far north as central Washington and

southern Idaho inland to the Rocky Mountains They

breed on both coasts and locally inland in Central America

south in South America to Tierra del Fuego and the

Great blue heron
Adult great blue herons are about 1 m in length stand

about 13 m tall weigh up to about 3 kg and have a

wingspread of up to about 2 m The forehead and most

of the crown are white the sides of the crown are black

down to the eye and the slender pointed black occipital

plumes grow up to about 20 cm in length The neck varies

in color from a light slate gray to brownish on top the

ventral surface is streaked with black dark brown and

white The sides of the lower part of the neck have several

long tapering plumes The upper parts of the body sides

and flanks are bluishgray the breast and abdomen are

black with broad white streaks and the thighs are

chestnut2327

Great egret
Adult great egrets are about 80 cm in length stand about

1 m tall weigh up to about 1 kg and have a wingspread

of up to about 14 m The entire plumage is white the bill

is yellow and the legs and feet are black Great egrets do

not have an occipital crest or plumes but have elongated

scapular plumes aigrettes that extend beyond the tail 17
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Snowy egret
Adult snowy egrets are about 55 cm in length weigh up
to about 375 g and have a wingspread of up to about 1

m The entire plumage is white the bill is black the lores

are yellow the legs are black and the feet are yellow

Snowy egrets have elongate plumes on the crown nape
and lower neck The scapular plumes extend beyond the

tail and are recurved27

Little blue heron

Adult little blue herons are about 60 cm in length weigh

up to about 400 g and have a wingspread of up to about

11 m The head and neck are brownishred the rest of

the body is a dark slate blue The bill is bluish with a black

tip the lores are a dull greenish and the legs and feet are

bluishgreen There are plumes on the rear of the crown
the lower sides of the neck and the back27

Greenbacked heron
Adult greenbacked herons are about 40 cm in length

weigh up to about 225 g and have a wingspread of up to

about 65 cm The feathers of the crown are glossyblackishgreenand have a bushy appearance when the crest is

raised The sides of the head and all of the neck except

for the ventral surface are a reddishchestnut The chin

throat and upper breast are white with blackish stripes

The back and flight feathers of the wings are a glossy

grayishgreen while the underparts are mostlybrownishgrayThe wing coverts have narrow light buff orbuffyrufous
edges The bill is yellowish at the base and

brownishblack at the tip the lores are a yellowishgreen

and the legs and feet are yellow or orange yellow2327

Blackcrowned night heron
Adult blackcrowned night herons are about 60 cm in

length weigh up to about 1 kg and have a wingspread of

up to about 11 m They are stockier in appearance than

the other five typical herons The cap is a glossy black the

rest of the head and the 23 narrow occipital plumes are

white The back and scapulars are glossy greenishblack

the rump wings and undertail coverts are a darkbluegrayand the underparts are white shading to light gray

on the sides The bill is dark gray the lores are a paler

shade of gray and the legs and feet are

yellowishorange27

Nesting Chronology
The annual cycle begins with the arrival of the birds at the

breeding colonies in the Chesapeake Bay area in late

winter or early spring Some individuals of some species

eg great blue herons and blackcrowned night herons

may remain as yearround residents in this area in many

instances though locally breeding individuals leave the

Chesapeake Bay area in the fall and are replaced over the

winter by individuals from more northern breeding

colonies The ranges of dates presented here come from

a publication by Erwin that summarized information

from 33 major sources of published and unpublished

reports the data on clutch sizes incubation periods and

the age at which fledging occurs come from Palmer 27

Great blue heron
In the Chesapeake Bay area great blue herons may begin

breeding activities as early as February New breeders may
continue to arrive at the colonies well into May The peak

of egglaying occurs from midMarch to midJune Clutch

size varies from37 with 4 being the mode The incubation

period lasts about 28 days and the peak of hatching takes

place frommidApril to midJuly Fledging occurs at about

60 days and most birds depart the breeding colonies from

midAugust through December

Great egret
In the Chesapeake Bay area great egrets usually begin

arriving at the breeding colonies in midMarch and new
breeders may continue to arrive into May The peak of

egglaying occurs from early April to midJune Clutch size

varies from 36 with 4 being the mode The incubation

period lasts about 2425 days and the peak of hatching

takes place from late April to late June Fledging occurs at

about 6 weeks and most birds depart the breeding

colonies from late August through midOctober

Snowy egret

Snowy egrets usually begin arriving in the Chesapeake

Bay area at the breeding colonies in early April The peak

of egglaying occurs from midApril to midMay Clutch

size varies from35 with 4being the mode The incubation

period lasts about 23 days and the peak of hatching takes

place frommidMay to midJune Fledging occurs at about

28 days and most birds depart the breeding colonies from

midJuly through September

Little blue heron
In the Chesapeake Bay area little blue herons usually

begin arriving at the breeding colonies in early April The

peak of egglaying occurs from midApril to midMay
Clutch size varies from 36 with 4 being the mode The

incubation period lasts about 23 days and the peak of

hatching takes place from midMay to midJune Fledging

occurs at about 30 days and most birds depart thebreedingcolonies from midJuly through midOctober

Greenbacked heron
Greenbacked herons usually begin arriving in the Bay at

the breeding colonies in midMarch The peak ofegglayingoccurs from midApril to late June Clutch size

varies from 36 with 4 being the mode The incubation

period lasts about 20 days and the peak of hatching takes

place from midMay to midJuly Fledging occurs at about

23 days and most birds depart the breeding colonies from

September through midOctober
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Blackcrowned night heron
Blackcrowned night herons may begin breedingactivities

as early as February New breeders may continue

to arrive through the end of April The peak of egglaying

occurs from midMarch to late April Clutch size varies

from 35 with 4 being the mode The incubation period

lasts about 25 days and the peak of hatching takes place

from late April to late May Fledging occurs at about 6

weeks and most birds depart the breeding colonies from

midAugust through October

Nesting Habitats
The six species of herons under consideration here nest

in a variety of habitats throughout their respectivebreeding
ranges see Spendelow and Patton31 for discussions of

geographic variation in breeding habitat use by all but the

greenbacked heron and the types of nesting habitats

used at a particular colony site may be influenced by what

other species are present
461111 Most of the heron colony

sites in the Chesapeake Bay area listed in Osborn and

Custer26 can be divided into two categories 1 sites

relatively far up the Bay or its major tributaries either on

the mainland or on islands with
sturdy coniferous or

hardwood trees more than 7 m tall that were occupied

only by great blue herons or mostly by great blue herons

and great egrets and 2 sites on islands closer to the

mouth of the bay with shrubby vegetation 27 m tall that

were occupied mostly by the smaller herons and great

egrets More detailed descriptions of some of these sites

were given by Armistead 2°3 and more information about

the nesting habitats used by these six species in the

Chesapeake Bay area is given later in this report under

Structural Habitat

Distribution Population Status and
Trends
The number and distribution of breeding colonies of the

six species of colonial wading birds in 1988 aresummarizedin Tables 1 and 2 Discussion of each species

follows

Great blue heron
More than half the estimated population of 11700 Great

Blue Herons breeding in Atlantic coast colonies from

Maine to Georgia in the mid 1970s were found in riverine

swamps of the Chesapeake Bay region of Maryland and

Virginia and this area contained the five largest Atlantic

coast colonies all with more than 500 breeding birds31

Erwin11 reported 3120 breeding birds in 1975 4140breedingbirds in 1976 and 3766 breeding birds in 1977 in the

Chesapeake Bay area of Maryland During recent 1988
Maryland inventories personal communication D
Brinker Maryland Department of Natural Resources

MDNR more than 7800 birds were found in 34 colonies

Table 1 This may not reflect a population increase as

much as an inclusion of more tributary colonies than were

inventoried in the 1970s In the Virginia portion of the

Bay 1066 breeding birds were reported in 1975 1100

breeding birds in 1976 1186 breeding birds in 1977 and

about 9060 birds in 1988 in 47 colonies Table 2 This

probably represents both a population increase and an

expansion of the survey area Great blue heronpopulationsin this area had increased in the 1012 years prior to

the 1977 census Great blue herons are the most abundant

wading birds in the mid and lower Bay area

Great egret
In 1977 about 11900 great egrets nested in Atlantic coast

colonies from Massachusetts to Georgia about 2900 or

almost onefourth of these birds were found in the lower

Chesapeake Bay and Delmarva Peninsula regions of

Maryland and Virginia31 One of the five largest great egret

colonies found in 1977 on the Atlantic coast was at Canoe

Neck Creek Maryland with an estimated 600 breeding
birds14

Erwin reported 670 breeding birds in 1975 1300breedingbirds in 1976 and 1300 breeding birds in 1977 in the

Chesapeake Bay area of Maryland During recentinventoriesabout 1100 birds were estimated among 11 Bay

colonies in Maryland in 1988 Table 1 In the Virginia

portion of the Bay 188 birds were reported in 1975 48

birds in 1976 and 288 breeding birds in 197714 The

population had increased at nine colonies in the Bay area

of Maryland since the 1960s In 1988 R Beckunpublisheddata College of William and Mary found about

2800 birds at 19 colonies in the Bay Table 2

Snowy egret
In 1977 about 26800 snowy egrets nested in Atlantic coast

colonies fromMaine to Georgia about 8350 or just under

onethird of these birds nested in Maryland andVirginia31
Erwin reported 1000 breeding birds in 1975 and 1670

breeding birds in 1977 and in the Chesapeake Bay area of

Maryland In 1988 in eight Maryland colonies 1434

breeding birds were estimated personal communication

D Brinker MDNR Table 1 In the Virginia portion of the

Bay 640 breeding birds were reported in 1975 300breedingbirds in 1976 730 breeding birds in 1977 but only 82

breeding birds were observed at one colony Fisherman

Island in 1988 Table 2 Watts Island had snowy egrets

in 1988 but they were not counted Snowy egretpopulations
in the Bay area increased greatly from the 1950s to

the 1970s

Little blue heron
In 1977 about 7400 little blue herons nested in Atlantic

coast colonies fromMaine to Georgia but only about 600

of these birds nested in the coastal regions of Maryland

and Virginia31
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Erwinil reported a decline from 270 breeding birds at 6

colonies in 1975 to only 90 breeding birds at a single

colony in 1977 in the Chesapeake Bay area of Maryland

Brinker personal communication MDNR reported 234

breeding herons at 6 colonies in Maryland in 1988 Table

1 In the Virginia portion the 1975 population of 50 birds

in 1975 declined to only 12 birds in 197711 In 1988 only

78 birds were recorded at Fisherman Island Table 2

Greenbacked heron

In 1988 only 78 birds were recorded at Fisherman Island

Table 2 Greenbacked herons probably were notcensused
adequately throughout the Atlantic coast during the

censuses made for the other heron species in the mid

1970s and so they were not covered in Spendelow and

Patton31 In Maryland and Virginia respectively only 56

and 42 breeding birds of this species were reported in

1977 but Erwin and Korschgen14 noted that only birds

found at mixed species heronries were included in these

totals

Erwin reported 120 and 26 breeding birds in theChesapeakeBay areas of Maryland and Virginia respectively

in 1975 In 1988 in the Maryland portion of the Bay only

50 birds were reported at 7 locations personalcommunicationD Brinker MDNR Table 1 In the Virginia

portion no accurate records were kept of greenbacked

herons

Blackcrowned night heron

In 1977 about 19600 blackcrowned night herons nested

in Atlantic coast colonies from Maine to Georgia about

5400 or a little more than onefourth of these birds nested

in the coastal regions of Maryland and Virginia3 The

largest Atlantic coast blackcrowned night heron colony

found in 1977 with about 1650 breeding birds waslocated
at the mouth of the Chesapeake Bay at Fisherman

Island
14

Erwin reported 700 breeding birds at 7 colonies in 1975

and 1554 breeding birds at 8 colonies in 1977 in the

Chesapeake Bay area of Maryland In 1988 at 7 colonies

about 1962 birds were estimated personalcommunicationD Brinker MDNR Table 1 including anewlydiscoveredlocation near Baltimore Harbor with 650 birds

nesting This is the secondlargest night heron colony in

Maryland In the Virginia portion of the Bay 270 breeding

birds were estimated in 1975 156 birds in 1977 and more

than 400 birds in 1988 Table 2 however at Watts Island

no counts were made in recent years so a Bay total is not

possible

ECOLOGICAL ROLE

These species of herons and egrets are toplevel predators

in the Chesapeake Bay system They do most of their

foraging in a variety of mainly aquatic habitats from the

edges of open water channels creeks and mudflats in

tidal rivers and marshes to freshwater ponds and ditches

in wet meadows and fields The species discussed here

may use a variety of different feeding behaviors9 to

capture
their prey They feed mostly on small fishamphibianscrustaceans and aquatic insects27 All six species

of waders are generalists
2736 Based on stomach content

analyses unpublished data Patuxent Wildlife Research

Center Palmer27 summarized the prey spectrum which

with other data is summarized in

Table 3

As toplevel carnivores wading birds might be expected

to show some evidence of population depression ifcontaminantlevels are high near breeding colonies Few

reliable data are available to assess what preindustrial

population levels were therefore the ability to determine

population impacts of toxic chemicals on waterbirds is

limited

HABITAT REQUIREMENTS

Water Quality
The six species of heron discussed in this chapter are

indirectly affected by water quality principally as it may

limit the availability of prey species There is a wide variety

of suitable prey each having different requirements for

water quality For many of the noncommercial forage

prey there is relatively little information about water

quality requirements Some environmental data exists on

selected prey species Atlantic silverside mummichog

striped killifish white perch and grass shrimp and may

provide an indication of the relationship between colonial

wading birds and water quality Data on white perch are

presented elsewhere in this volume and data onthe other

selected prey fish are from Eisler10 and US Fish and

Wildlife Service files Information on grass shrimp is from

Beeston5 and B Welsh personal communicationUniversityof Connecticut The essential requirement reported

is that these prey species except for
grass shrimp need

50 mgL1 dissolved oxygen DO grass shrimp can

tolerate DO down to 10 mgL1 The need for 50 mgL1 is

the same level needed by a number of target fish species

presented in this report

In general water quality needs to be sufficiently high to

ensure that extensive stands of SAV and emergentmarshes
are maintained throughout the tributaries and Bay

islands This is especially critical because sea level rise

gradually will reduce the area of wetland available for

feeding in many parts of the Bay In addition erosion of

many islands eg the Poplar group already is reducing

the potential nesting habitat required by wading birds

Structural Habitat

Aspects of the physical habitat that are required by wading

birds are described below
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Colony Sites

The physical habitat required for nesting is somewhat

similar for all wading birds In general the largest most

persistent colonies are located at isolated sites where

ground predator and human access is limited This does

not always mean a rural environment however Erwin16

describe a large blackcrowned night heron colony in an

industrialized area near the Frances Scott Key Bridge near

Baltimore The colony site is however isolated by a

fence and trespassing is strictly forbidden Often colony

sites are small islands but they also may be extensive

swamps adjacent to estuarine tributaries17 Anotherprerequisitefor nesting is that there be woody vegetation

either shrubs or trees for great blue herons The species

of vegetation is not critical31 since wading birds nest in a

variety of shrubs including myrtlemarsh elder silverling

etc and trees including both live and dead hardwoods

cedar several pine species yaupon etc in theChesapeakeBay area Rarely egrets and herons may be found

nesting on the ground with glossy ibises personalobservationRM Erwin US Fish and Wildlife Service

USFWSl

Some species differences in nestinghabitat use exist

Great blue herons are often found in singlespecies

colonies occasionally with great egrets and others They

nest as frequently in nonisland colonies as on islands and

are more of an interior than coastal species throughout

their range They prefer tall > 10 m trees either live or

dead and use both hardwoods and evergreens in the

Chesapeake region The largest colonies are in woodland

swamps adjacent to large tributaries They avoid areas

with human activity Blackcrowned night herons great

and snowy egrets and little blue herons are more limited

than great blues in nesting in mixedspecies colonies

usually on islands in the bay region Great egrets like

great blues often nest in tall trees but are frequently

found with the intermediatesized waders in shrubsrangingfrom 14 m in height Shrubs may be used repeatedly

over the
years even when guano has killed the vegetation

personal observation RM Erwin USFWS The main

requirement seems to be that a nest structure can be built

at least 1 m above the ground presumably to reduce the

risk of mammalian predation

Greenbacked herons are often considered semicolonial

because they frequently nest solitarily as well as with other

herons and egrets27 In addition to nesting in shrubs and

small trees they are often found nesting 18 nests on
duck blinds throughout the Bay area For this reason it is

very difficult to estimate the total population of this

species

Feeding Habitats

Although colony sites are welldocumented in theChesapeakeBay much less is known about other habitatrequirementssuch as feeding roosting and migration

stopover sites Feeding habitats are quite diverse for

wading birds in the Bay area These include both tidal and

nontidal rivers and creeks brackish and fresh marshes

ponds lakes and impoundments and even aquaculture

facilities personal communication L Terry USDepartment
of Agriculture

Almost no research has been conducted on Chesapeake

Bay wading birds to assess their feeding habitat use

However Erwin et al16 monitored blackcrowned night

herons flying from a colony to landing sites Of 44 herons

followed most landed within 5 km of the colony in

industrialized parts of the Baltimorelower Patapsco River

estuary In another estuarine setting in North Carolina

Custer and Osborn8 used aircraft to follow individual birds

of nine species over one season May to midJuly They

found that great egrets were the only wading birds to use

SAV Zostera beds extensively and this use was restricted

to low tide Great and snowy egrets generally usedfeedingareas near < 4 km the colony but some fed up to 28

km away A 6 km radius included 7580 of all flights of

snowy n=38 and great n=145 egrets Over 80 of all

herons followed landed in saline saltmarsh habitats

only 7 flew to fresh water A 10 km radius is our best

estimate of the extent of wetland habitats adjacent to

colonies as a feeding habitat requirement We recognize

that this area is probably too small especially for great

blue herons Recent 198788 colony sites and theirassociatedwetland habitats are identified in the MapAppendixBecause wetlands along the Atlantic Coast have

declined significantly in recent years emphasis needs to

be placed on
preserving these areas

Other Habitats

Other than colony site locations and indirect association

of feeding habitats we know little about other habitat

requirements such as migration stopover sites or

fallwinter roosts All wading bird species except great

blue herons and night herons migrate fromthe bay region

in September and October Fall or winter roosts of the

two herons include Conowingo on the Susquehanna

River 100150 great blues 2030 night herons the

Westport area of Baltimore 2030 night herons Stony
Creek in northern Anne Arundel County night herons
and a fall roost at Deal Island Wildlife Management Area

Somerset County personal communication R Ringler

Maryland Ornithological Society Probably all the wildlife

management areas and wildlife refuges on the eastern

shore of Maryland are important stopover areas for

wading birds migrating south but few data exist except

in the form of monthly wildlife use reports filed by refuge

personnel A winter bird atlas has been initiated in

Maryland personal communication D Bystrak S

Droege C Robbins USFWS but this program is not

designed for waterbirds
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SPECIAL PROBLEMS

Disturbance
Avoidance of disturbance both by natural groundpredatorsand humans probably explains the predominant use

of island or inaccessible mainland sites by most species of

colonial wading birds However as the populationadjacentto the Bay continues to grow more and more

colonies roosts and feeding areas will be subject toboatingand pedestrian disturbance Land managers need

guidance to establish safe buffer distances around nesting

colonies Habitat Suitability Index models have beenpublishedwhich suggest safe distances of 150 m over water

and 250 m over land30 for great blue herons and 1000

m for great egrets These were only crude estimates

however and were not based on empirical data Erwin13

published guidelines for wading birds based on field tests

in numerous colonies in coastal Virginia and North

Carolina During nesting wading birds flushed a
tapproachdistance of 1293 m mean 53 m however it was

cautioned that these tests were conducted during late

incubation periods when birds are more tenacious than

earlier in the season A conservative distance of 200 mwas

recommended early in the season for protectivesignpostingat colonies

Disturbance at feeding sites

is probably less crucialbecausein areas with human activity birds readily habituate

to people especially people in vehicles Waders feeding

in impoundments can be approached within 5 m by

automobiles along wildlife refuge drives personalobservationRM Erwin USFWS

Contaminants
Numerous concerns have been raised over the levels of

pesticides herbicides and industrial pollutants and their

potential impacts on the Bays organisms Unfortunately

few studies have been directed at the effects ofcontaminantson the breeding biology of colonial wading

birds in the Bay area Ohlendorf et al24 conducted an

extensive survey of wading bird eggs throughout the East

Coast region The only collection of wading bird eggs

from Chesapeake Bay was at one location in St Marys

County on the Potomac River where two greenbacked

heron eggs were collected Samples had low residue

levels of both DDE mean 051 mg kg 1 and PCB 16 mg
kg which were below levels known to induce some

reproductive impairment Concentrations of > 3 mg kg
for DDE wet weight are considered potentially harmful

for blackcrowned night herons9 as are concentrations

exceeding about 10 mg kg PCB28 33

Ohlendorf et al25 conducted a survey of residues in

wading birds found dead several of which were from the

Bay region Compared to birds from the Great Lakes

Chesapeake birds had lower levels of most contaminants

No great blue or greenbacked herons or any snowy

egrets from the main part of the Bay appeared to have

died from organochlorine poisoning

See EFFECTS OF CONTAMINANTS ON BIRDS this volume for

more information

Eutrophication
Eutrophication in itself is indirectly related to wading

bird populations through feeding habitat quality in the

Bay I
f eutrophic conditions do not improve to the level

where SAV beds become reestablished throughout the

watershed the quality and quantity of foraging habitat will

remain limited

All six species of egrets and herons are extremelyomnivorous2736
They feed in a variety of habitats including

open water channels mudflats tidal and freshwatermarshesand even wet meadows and fields Prey taken

depend on time of year geographic location andmicrohabitatuse Based on stomach analyses Palmer27summarizedthe prey spectrum

Even in estuaries with poor water quality ie turbidity

hypoxia etc sufficient numbers of tolerant prey species

such as killifish grass shrimp and blue crabs exist to

support nesting populations in a number of urban areas

Nonetheless this probably represents a depauperate bird

fauna since better water quality would enhance wetland

quality in turn producing more prey to support a larger

avian biomass Water quality standards should besufficiently
high to support dense stands of SAV and emergent

plants

RECOMMENDATIONS

Several specific recommendations for improving habitat

quantity and quality in the Chesapeake Bay for wading

birds are listed

Water quality
In spite of the indication that toxics are not a problem for

wading birds the general high turbidity lowoxygenconditions
are not conducive to high fish and invertebrate

densities in wetlands Several species eg grass shrimp

and mummichogs survive poor waterquality conditions

but with improvement of conditions more largebodied

fishes such as bass and perch would be available as prey

biomass Stringent efforts are necessary to reducestormwaterrunoff agricultural drainage and boat discharges

Nutrient input from nonpoint sources needs specialattention
Nestcolony protection
Some type of special designation should be giventraditional

large colonies to protect both the colony site with

a surrounding buffer of 200 m and the wetlandforaging
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area around the colony site Wetlands within 10 km of

major colonies should be granted special attention

Island protection
Excessive erosion can be reduced by a variety of methods

including both structural and nonstructural means
Stabilization using Spartina plugs could be used in some

areas adding dredged material to offset losses or building

islands with both dredged materials derelict vesselsbargesor other structures are methods that have hadsuccessin other areas In general building seawalls and

bulkheading are both expensive and ineffective in many
cases

Riparian zone protection
Silvicultural practices sandmining and other agricultural

activities impact forestnesting herons and egretsProtection
of these areas at critical times of year FebruaryJuly

for great blue herons would be advised Also buffer

distances of at least 250 m from the edge of the colony

would help mitigate disruption

Research
Additional research is needed to determine the foraging

ranges
of wading birds and their temporal patterns of

habitat use ie do they forage in different places at

different times of the season Much more information is

required on how migrant wading birds use wetlands and

where wintering birds feed We also have littleinformationabout existing roost sites We need to know how
traditional these are over time and what the landprotection

status is of major roost areas

Biomonitoring
Wading bird colonies can serve as a valuable indicator of

environmental quality Colonies need to be monitored

annually in Chesapeake Bay and all coastal habitats The

changes in key parameters such as chick growth rates

chick tissue contaminant levels and population sizes can

then be used to evaluate environmental changes in the

Chesapeake and other coastal region

CONCLUSIONS

The numbers of wading birds in the Chesapeake Bay

region probably have remained stable or increased over

the past 1520 years However the recentinventories in

Maryland 198588 were more thorough than those c
o
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ducted in 197677 thus direct comparisons are invalid It

seems certain that blackcrowned night herons haveincreased
in both the Maryland and Virginia portions of the

Bay In 1988 the second largest night heron colony in the

State of Maryland was located in the Baltimore Harbor

area near the Frances Scott Key Bridge in Dundalk

Maryland This colony grew from only about 25 nests in

1979 personal communication R Ringler MarylandOrnithological
Society to about 320 in 19881516 The largest

great blue heron colony Nanjemoy Creek along the

Potomac River in the northeastern United Statescontinuesto grow from 700800 nests in the late 1970s to

12001500 nests in recent years personalcommunicationD Brinker MDNR

One trend of concern however is that the number of

colony sites appears to be decreasing at least inMarylandlsThus some colonies may be
increasing but at the

expense of a number of small colonies Sealevel rise and

island erosion in the Bay may be responsible in part for

the loss of waterbird colonies Erosion is rather dramatic

in the Poplar Islands group in Eastern Bay at the South

Point Islands and at Smith and Tangier Islands inmidBayWith fewer nesting site options wading birdsbecomemore susceptible to predation disease and natural

disasters eg oil spills

Of equal or greater concern with sealevel rise and

development pressure is the loss of wetlands required for

feeding sites during nesting and migration periodsFortunatelyseveral of the wading birds do not requireextensivehigh quality marshes for feeding Blackcrowned

night herons great blue herons and greenbacked herons

all feed in fairly polluted urbansuburban environments

toxic chemicals do not appear to be a limiting factor in the

Bay region for these species of wading birds However
the tolerance shown by a few species should notnecessarilybe assumed to pertain to all Further even though

some species show a tolerance of poor water quality in

estuaries the population sizes of all wading birds would

certainly be enhanced with higherquality wetlands with

a larger prey biomass
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Table 1 Estimated numbers of breeding wading birds on the Maryland portion o
f Chesapeake Bay during 198818 Estimated

number of breeding wading birds calculated from known breeding pairs

GREAT BLUE HERON

Nanjemoy Creek >2400

GREENBACKED HERON

Dickinson Island 18

Canoe Creek Neck 1238 Opossum Island 16

Coaches Is 1080 Jeans Gut 6

Barren Is 720 St Pierres Island 4

Black Swamp Creek 392 Rhodes Point South 2

Cherry Island 354 Easter Point 2

Romney Creek 340 Chaisey Point 2

Fin Creek 242

Federalsburg 172 LITTLE BLUE HERON

Elk Neck SF 160 Point Comfort 146

Mattawoman Creek 160 Pines Hammock 64

Cox Creek 102 Rhodes Point South 10

Piney Is Point 92 Rhodes Point Road 6

Moss Pond 40 Ireland Hammock 6

Bolingbroke Is 40 Poplar Island 2

L Queenstown Creek 36

Worsell Manor Rd 32 SNOWY EGRET
Hazard Point 30 Point Comfort 998

Adam Island 28 Poplar Island 304

Bloodsworth Pt 26 Rhodes Point South 52

Thomas Is Gut 22 Pines Hammock 32

Dyer Creek 20 Hog Neck 32

Zekiah Creek 18 Cherry Island 8

Opossum Is 16 Easter Point 6

Hog Neck 14 Chaisey Point

Race Hog Neck 12

Baybrush Pt 10 BLACKCROWNED NIGHT HERON

Kirwan Creek 10 Point Comfort 1242

Bishops Head Pt 10 Key Bridge Toll 648

Clarks Wharf 10 Cherry Island 44

Skillet Point 8 Rhoads Point South 10

Holland Is 8 Chaisey Point 10

Raccoon Creek 6 Rhodes Point Road 6

Coursey Point 2 Ireland Hammock 2

GREAT EGRET
Barren Island 324

Cherry Island 238

Poplar Island 114

Pines Hammock 86

Ireland Hammock 80

Canoe Creek Neck 80

Point Comfort 48

Race Hog Neck 38

Rhodes Point Road 34

Hog Neck 24

Holland Island 16
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Table 2 Estimated numbers of breeding wading birds on the Virginia portion of Chesapeake Bay during 1988

Estimated numbers of breeding wading birds calculated from known breeding pairs NA=Colony active in

1987 or 1989 but not in 1988 unpublished data R Beck College of William and Mary

GREAT BLUE HERON
Shacklefords I

1068

GREAT EGRET
Fishermans island 604

Roxbury I
942 Hampton egrets 482

Yorktown 940 Little Creek 474

Indian Head 808 Lancaster II 466

Pleasent Ridge II

644 Norfolk South 242

New Pt Comfort 542 Tangier Island 116

Passopatancy 474 Norfolk N 110

Hog Island I 404 Roxbury I
74

Tangier Island 354 Pleasant Ridge II 54

Richmond 226 Knotts Island 54

Knotts Island 220 Yorktown 30

Watts Island 218 Courtland 24

Ware Neck I
182 Hog Island I

22

Toano 178 Dendron 1 16

Gloucester I 156 Tunstallll 14

Tunstall I
142 Seven Pines I

8

Seven Pines I
140 Tunstall I

I
I 8

Dendron II 136 Pleasent Ridge I 6

Clay Bank II

118 Watts Island Present no count

Courtland 110 Kempsville NA

Hylas 96 Seven Pines II NA
Hog Island II

86 Dendron II NA
Montross II

82 Little Creek NA

Norge 78

Charles City 64 GREENBACKED HERON
Tunstall 1

1 64 Fisherman Island 78

Quinton 88 60

Surry II 58 LITTLE BLUE HERON

Dendron I 56 Fisherman Island 78

Lively 42 Watts Island Present no count

Clay Bank I
36

Yellow Tavern I 36 SNOWY EGRET

Morattico 34 Fisherman Island 82

Seven Pines II 34 Watts Island Present no count

Walkers 30

Shacklefords II 26 BLACKCROWNED NIGHT HERON

Surry I
26 Fisherman island 434

Tunstall I I
I 24 Watts Island Present no count

Beaulahville 22

Loretto 20

Pleasant Ridge I 18

Moyock 18

Gloucester I
I 12

Brandon 1
1 12

Brandon I 12

Roxbury II 6

Montross I
6

Yellow Tavern II

Midlothian

Providence Forge

Chesterfield

Elliotts Creek

Providence Forge

Quinton 89
Ware Neck II

Tu nstal l IV

NA
NA
NA
NA
NA
NA
NA
NA
NA
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Table 3 Prey taken by colonial wading bird species in different US localities n = number of stomach samples
asterisks indicate significant amounts

Crustacea

Species Fishes large Aquatic Herptiles Small Miscellaneous Reference

invertebrates insects mammals

Great Blue 72
Heron n=1 89

9 8 4 5 2 Palmer27

Great Egret Dominant Common few Erwin12Palmer27

Willard36

Snowy Egret > 50 34

Little Blue

Heron 27 45 17
n=46

Willard36

Palmer27

Palmer27

Greenbacked

Heron 45 21 24 10 Palmer
n=255

Blackcrowned

Night Heron 52 22 16 6 3 Palmer27

n=117



OSPREY
Pandion haliaetus

Jan Reese

Biologist

Saint Michaels Maryland

0 spreys feed almost exclusively on live fish Their position

as a consumer at the top of an aquatic foodchain proved
hazardous from the 1950s through the early1970s when

organochlorine pesticides DDT adversely affeced their

reproductive success leading to a population decline Thebanningof some persistent pesticides during the 1970s enabled

Chesapeake Bay osprey populations to increase to an estimated

2000 pairs by the 1980s Pesticides are still used in South

American wintering areas however the effects on Chesapeake

Bay osprey populations is unknown

Osprey foraging efficiency and energy budgets and the prey type

abundance and nutritional value are poorly understood and

need research This is especially important in view of reported

deteriorating water quality and decreasing fish populations

Management of ospreys in the bay should include enhanced

public awareness of osprey ecology creation and maintenance

of artificial nest structures monitoring of foraging and nesting

success and analysis of eggs and body tissue for presence and

effects of toxic chemicals and metals

INTRODUCTION

Ospreys are the only North American hawk that feeds

almost exclusively on live fish The large waterfront nest

the spectacular aerial plunge into Bay waters for fish and

the recovery from a serious population decline hasendeared
the osprey to observers of Chesapeake Bay

Ospreys are known for their tolerance of nonthreatening

human activity and their adaptability to artificial nest

structures in close association with waterfront residences

In the 1950s through the early 1970s tissue accumulation

of organochlorine pesticides reduced ospreyreproductive
success leading to a serious population decline

Banning of some persistent pesticides during the 1970s

has enabled osprey reproductive success to rebound The

population grew during the 1980s and now approaches

2000 breeding pairs representing 20 of all
ospreys

nesting in the contiguous
United States

The ospreys high visibility ease of study and its position

at the top of the aquatic food chain make it a valuable

indicator species for detecting habitat destructiondwindlingfish populations and environmental contamination

in Chesapeake Bay

BACKGROUND

The osprey or fish hawk belongs to the orderFalconiformes
familyAccipitridae and subfamily Pandioninae The

ospreys geographic range includes shallow waterestuarine
river and lake habitats of all continents except

Antarctica Most osprey winter in the tropics and nest in

temperate to subarctic latitudes32

Ospreys three years old or older usually mate for life and

return each subsequent year of life to nest in theirChesapeakenatal area during MarchAugust Ospreys nesting

further north use Chesapeake Bay resources during

migration periods in AprilMay and SeptemberOctober

Ospreys are distributed throughout the tidal Chesapeake
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Bay its tributaries adjoining waterways and adjacent

impounded waters Nesting is common along wideshallow
portions of tributaries but uncommon alongnarrowerheadwaters streams and small impoundments

Nesting may not occur in some highly populated orpolluted
areas such as the Patapsco and lower York Rivers

Intensive investigations into the reproductive success of

ospreys first began in the early 1960s Interpreting results

of these early studies was difficult because thereproductive
rate of a stable osprey population was not known

Consequently conclusions were based on comparisons

among regions133437

A statistical model based on band recoveries for New York

and New Jersey ospreys from 192661 was subsequently

used to determine mortality rates and to calculate that

each breeding age female must produce 095 to 130

young annually to ensure population stability Thestatisticalmodel includes assumptions concerning breeding

age sex ratios mortality rates and band reporting also it

excludes inaccessible nests and any nest without eggs

The effects of artificial nest sites immigration pesticide

residues in tissues and human disturbance could conceal

a trend in population status The model remained the

accepted method for determining population status

through the 1970s despite its shortcomings
1343

Studies in 196671 in Eastern Bay central Choptank River

lower Potomac River and all the Virginia tributaries found

osprey productivity below the range estimated necessary

for population stability while Smith Island and some

Choptank River tributaries produced within the stability

range Poor reproductive success in these studies was

attributed to egg failure The Chesapeake population was

estimated to be declining 26 annually Presence of

DDE a metabolite of DDT in osprey eggs
has been

correlated with eggshell thinning DDT metabolites have

been found in all Chesapeake osprey eggs analyzed

Chesapeake osprey eggshell thinning during the19601970s
ranged from 624 and was primarily responsible

for large numbers of addled cracked and broken eggs

DDT has been banned in the US since

1972 141940414243444551526162636467

Productivity data after 1971 are available only for the

Eastern Bay and Choptank River areas where production

increased appreciably in 1972 and remained within or

above the stability range through 1979 No Chesapeake

population productivity data are available for the

1980s424344

LIFE HISTORY

Arrival Courtship Nest Building
The most intense period of courtship and nest building by

Chesapeake ospreys is midMarch through midApril E
x
p

e
ri
e

n
c
e

d

breeders begin arriving at previously used nest

sites in late Februaryearly March with males preceding

females by a few days Courtship and nest building or nest

repair may begin when the pair is reunited Lessexperiencedbirds arrive or initiate courtship a little later

whereas firsttime nesters may spend several weekslocatinga mate and nest site Both birds of a pair collect corn

stalks branches and shoreline debris which they arrange

into a bulky nest about a meter in diameter andsometimes
as high on a dead snag over or near water or on

the pinnacle of a manmade structure utility pole nest

platform duck blind or marine navigation aid

Eggs
Egg laying and incubation takes place mostly between

midApril and late May and clutches may be replaced if

lost prior to midMay The normal clutch of three beige

chickensize eggs with blotches of chestnut olive and

browns are incubated principally by the female for 3842

days after the laying of the first egg

Young
The

period of late May through June is

the most intense

for activity of the young Nestlings are brooded by the

female fed fish and begin to resemble adults by 40 days

of age when they commence daily strenuous exercise in

preparation for flight at about 55 days of age Family units

remain intact near the nest site through July whilefledglings
acquire fishing skills5355

Migration
Adults begin fall migration as soon as fledglings become

independent Chesapeake juveniles migrate the last week
of August along a narrow Atlantic coastal path They leave

the US by September continue south through the

Greater Antilles and arrive at the Colombia wintering

grounds by midOctober Ospreys winterDecemberFebruaryprimarily on the large islands of the Greater

Antilles Cuba Hispaniola Puerto Rico Lake Maracaibo

and the Orinoco River in Venezuela the Cauca andMagdelena
River systems in Columbia and the multitude of

tributaries making up the Brazilian Amazon Juveniles

remain south of the US at least 16 consecutive months

only 2554 of the twoyearold age class return to their

natal area but these birds do not actively nest Band

recoveries of breeding age ospreys three years or older

occur at a mean latitude of 32°N Savannah Georgia in

March indicating equivalent migration distances are

traveled 23 times faster during the spring than fall151133

ECOLOGICAL ROLE

The ospreys diet consists almost entirely of mediumsized

fish which are captured just beneath the surface byplungingfeetfirst from flight into the water then rising into the

air by wing action high over the back They are especially

attracted to surface schooling and spawning fish but are
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basically opportunists feeding on any species that is

plentiful or readily accessible in any body of water at any

given time Finding and capturing fish is an arduous task

and many variables can influence the outcome such as

the season geographical location atmosphericconditionsthe birds age weight and fishing ability and the

fish species size nutritional value abundance andecologyWater quality is another important variableinfluencingthe ospreys presence and foraging successEutrophicationdepletion of benthic fauna and toxic

contamination may cloud water and suppress fishpopulationswhile suspended materials turbidity and surface

rippling obscure visibility for fishing ospreys Fish can be

sources of organochlorine compounds and toxic elements

that can cause osprey reproductive failure whenaccumulatedin toxic concentrations and they also maybe vectors

for internal parasites or diseases of ospreys

Predation
Raccoons are an important predator having beenimplicated

in 2 of the lost eggs and some young from

shoreline and terrestrial Chesapeake nests Predation by
raccoons is more serious in developed areas where

human garbage sustains a large raccoon population but

installation of predator guards can preclude thispredation
Norway rats and American and fish crows have been

observed robbing eggs from unattended nests Great blue

herons bald eagles and great horned owls have been

reported preying on osprey nestlings homed owls and

golden eagles have killed adult ospreys The exposed

nesting habits of ospreys make them vulnerable to the

much larger and agile eagles and to nocturnal predation

by the more powerful great
horned owl 12125283237404363

Interspecific competition
Interspecific competition can influence the success and

local distribution of nesting ospreys The safety and

remote location of offshore structures in the Chesapeake

Bay attract several species of nesting birds Nesting snowy

egrets greenbacked herons Canada geese American

black ducks mallards barn owls barn swallowscommon
grackles and European house sparrows share sites

with ospreys and sometimes several
species nestsimultaneouslyon the same hunting blind within inches of

other species in relationships that are not always friendly

or conducive to successful nesting Ospreys may stoop

attack while diving on nesting snowy egretsgreenbackedherons Canada geese American black ducks

mallards and barn owls that flush from the same nest site

upon the ospreys approach ospreys have been known

to kill herons and owls They may also stoop on great blue

herons turkey vultures bald eagles redtailed hawks

herring gulls and great blackbacked gulls straying near

active osprey nests

Conversely great blue herons Canada geese bald eagles

redtailed hawks herring gulls great blackbacked gulls

common terns least terns eastern kingbirds andredwingedblackbirds sometimes attack ospreys Bald eagle

territorial behavior lowered reproductive success and

forced relocation of nearby nesting ospreys in a Florida

study Canada geese have been observed trying to force

ospreys from their nest while mallards have parasitized

replaced or forced relocation of actively nesting ospreys

Intraspecific competition may be important in areas

where nest sites are dense but there is currently no

documented evidence supporting thishypothesis15622252743

HABITAT REQUIREMENTS

Food Requirements
Ospreys require an ample supply of mediumsize fish to

thrive Males brought 2583 fish per day to mates with

varying nest contents nontidal lake nests with nestlings

received fewer fish than comparable tidal Bay nests Table

1 Preincubation fish deliveries 36 are about the same

as deliveries during incubation The size and weight of

prey species from several studies Table 2 indicate that

ospreys commonly capture abundant speciesapproximately1525 cm long weighing 75200 g A range of

0712 kcal

g
1 of flesh is given for 12 species of fish caught

by ospreys The size age sex physical condition and

percent of fish indigestible cause the nutritional value of

fish to differ between and within species For example a

gravid spot would be nutritionally richer with its fat than

a nonspawning spot whereas proportionally more of the

spot would be eaten than of a bonyheaded toadfish The

daily catch rate average fish weight and average kcal

g
1

of flesh were used to estimate that a nesting male feeding

a mate and three young brought 1125 kcal of fish to the

nest daily2332

Energy budgets may be slightly different for eachindividual
osprey however current estimates for daily food

requirements are that a male must capture 583mediumsizedfish total 1250 g or 1125 kcal to sustain himself a

mate and three young To support himself when not

nesting a male would require about two fish
per day The

maximumrate would have to be sustained for the 60day

Chesapeake nestling period during May and June about

half that during the 55 days of courtshipincubation in

March and April and about a third the maximum rate in

the JulyAugust fledging period and the FebruaryApril

and AugustOctober migratory periods

Nest Site Requirements
Nest sites are

important in providing previous nesters and

newly recruited nesters with places to reproducesuccessfullyAdditionally an ample supply of potential nest sites

promotes breeding at an earlier age which increases

population stability The younger a bird can reproduce

the more productive years are available in its life span and

the less each pair has to contribute towards the

produc203
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tivity rate required for population stability Nest sites are

also important in distributing nesting ospreys into new

areas
93235364045

A 1973 survey of the nesting population found nearly

twothirds of Chesapeake ospreys were nesting offshore

on artificial structures erected to support wateroriented

industries It found 317 of the nests in trees 287 on

offshore hunting blinds 218 on marine navigational

aids and 178 on artificial structures mostly offshore

The transition from ancestral tree sites to artificial nest

sites has taken place over the past several decadesfollowingincreases in predatory raccoon populations shoreline

development disturbance destruction of trees andsupportfor waterrelated activities piers navigational aids

hunting blinds Offshore structures offer protection from

most terrestrial predators and human activities permit

rapid detection of danger and quick escape and place the

birds nearer their food supply The continued availability

of Chesapeake osprey nest sites depends largely upon the

erection of suitable artificial structures and tolerance of

their operators Ideally a suitable nest site should be

located in an area of minimal exposure to humanactivitiesand these activities should be present before

ospreys commence nesting in late March to earlyApril

Habituation to human disturbance is essential if nesting

pairs are to achieve their reproductive potential91630

SPECIAL PROBLEMS

Human Disturbance

Osprey will flush from their nests upon close approach by

humans spending valuable energy circling screaming

and making mock attacks Absence from the nest may

endanger the eggs or nestlings through exposure to sun

wind rain cold missed feeding or even cause the loss of

the egg or young to a predator Disturbance by humans

may result in higher food demands lowered productivity

emigration from the area and a decrease in the local

population Several studies attribute nest abandonment

or egg and nestling losses directly to human activities near

nests The most susceptible nests are those in undisturbed

locations that are suddenly interrupted by human

activities later in the nesting season The influence of

disturbance on reproductive success becomes morepronouncedeach year as human populations anddevelopment
increase in the Chesapeake Bay area The influence

of human disturbance on ospreys is an area which needs

further study1342425304243445760

Ospreys often select artificial structures such as marine

navigational sites electric cable support structures water

towers and chimneys Nesting osprey can impede the

function or original purpose of these structures and in the

past operators of the structure often removed nestsConflicts
can be avoided however Some agencies andcompaniessuch as electric power companies the US Navy

and the US Coast Guard have modified their structures

to accommodate both the ospreys need for nest sites and

the need for a functioning structure Private individuals

who own shoreline property in many cases have provided

platforms suitable for
osprey

nests The osprey isbecoming
increasingly dependent on artificial structures because

of the loss of natural nest sites to shorelinedevelopment1192936374041434445464849596163

Toxic Contamination
In the past high concentrations of various organochlorine

compounds were detected in Chesapeake osprey eggs

and tissues Residues of DDT and its metabolites PCB and

dieldrin were most prevalent

The DDT metabolite DDE is known to reduce shellthickness
of eggs It also has been shown to lower pore density

during shell formation which reduces evaporativeexchangethrough the shell thereby placing the embryo at

risk regardless of shell thinning Chesapeake shellthickness
reduction ranged up to 35 during the 1960s and

1970s however eggs in most tributaries were thinned

only 1020 Eggshells thinned > 15 are likely to break

Damaged and broken eggshells were largely responsible

for poor reproductive success and population declines

noted in many parts of North America in the 1960s

Dieldrin DDT and some of the other organochlorines

have been banned for use in the United States since the

early 1970s but they are still used indiscriminately in

tropical regions where
ospreys spend several months of

each year See this volume EFFECTS OF CONTAMINANTS ON

BIRDS for an evaluation of the effects of toxic

contaminants732433267

Weather
Adverse weather can affect local nest success in several

ways but generally does not limit populations Wind or

ice destroyed 12 of the terrestrial and offshoreChesapeakenests in 196679 studies with annual attritionsometimes
reaching 43 Some birds returning to these sites

were forced to delay nesting emigrate or to occupy a less

desirable site nearby Weather during the nesting season

was responsible for the loss of 5 of the 1761 nests

studied along with 106 eggs and 65 nestlings Wind and

rain caused 50 of the weatherrelated egg loses and 66
of the nestling losses Other losses occurred at sites that

collapsed after being weakened by weather Annualmortalitycan be increased by a single storm such as tropical

storm Agnes in 1972 which killed 18 of all the nestlings

produced Cloudy conditions with rippled surface water

lowers fishing success for ospreys which couldjeopardize
hungry nestlings The effect of weather on osprey

mortality nest success and population stability may need

further consideration and investigation
124041424344
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Disease

Pathogenic bacteria of the genera Actinobacillus

Staphylococcus and Streptococcus have been identified

as the agents of pneumonia diagnosed in osprey mortality

studies Anemia nephritis cloacal obstruction peritonitis

and stomach ulcer have also been diagnosed in the death

of ospreys Emaciation gangrene enlarged spleen

necrosis prolapsed oviduct mycosis pericarditis and

myocarditis are largely secondary mortality factorsassociated
with food stress or major trauma of disease

injury or poisoning Bone and joint sarcomas and limb

abnormalities found in ospreys are usually the result of

skeletal and support tissue injury especially amongnestlingsand fledglings although some of these abnormalities

could result fromexposure to contaminants Flukes found

in the ventriculus of one Chesapeake osprey have been

identified as Ribeiroia ondatrae roundworms collected

from alimentary tract organs and body lice from the

plumage of other
ospreys are unidentified Mostdiseaserelated

deaths go undiagnosed indicating the need for

more comprehensive evaluation and identification of

causative agents and assessment of diseaserelatedmortalityon the population 43626566

RECOMMENDATIONS

Nest sites

Erection and maintenance of offshore artificial neststructureslocated in areas of minimal human activities are

recommended to enhance the availability of suitable nest

sites Structures should be in place before ospreyscommence
nesting in March or early April Nest structures

should be more than 50 meters offshore from the low tide

shoreline or over 150 meters offshore if the adjacent

shoreline is wooded These distances will discourage

predation by raccoons and great horned owls Nests also

should be more than three meters above the high tide

level to preclude viewing nest contents froma small boat

Management
Management actions should include enforcement ofexistinglaws protecting ospreys Agencies companies and

private individuals whose activities affect nesting ospreys

should be guided by policies that protect birds and their

nests A public awareness program could educateconcerned
citizens about the ospreys need for safe nest sites

and their vulnerability to human disturbance andenvironmentalcontaminants

Shooting and Other Intentional Acts

Shooting of osprey occurs but the extent of this problem

is difficult to assess Shooting usually takes place over

water or in remote areas where killed birds quickly sink

or are difficult to detect Shootings generally are kept

secret and precautionary burial or disposal can make

detection difficult Shootings are likely to take place in

sparsely populated areas where roads
pass close toterrestrialnest sites and over ponds and fish hatcheries

Shooting birds on the nest may occasionally occur in more

public areas Many studies suggest that shooting on the

breeding grounds is a far more seriousmorality factor than

generally believed3811323847s061

Malicious destruction of nests and stealing large nestlings

for pets occurs in nests on structures low over the water

Indiscriminate removal of prefledged young by wildlife

managers for establishing ospreys in areas where they do

not occur could have a maximum population impact

where temporal patterns of nestling mortality are not

known 1719374043476163

Accidents

Many young and adult ospreys are accidentally killed each

year by electrocution on utility structures nest fire and

striking overhead cables Others starve while tangled in

discarded monofilament fishing line ordrown in fish nets

Fatalities also are caused by dogs birds trapped inside

duck blinds automobiles aircraft sailboat masts and

guy wires on communication towers 326566

Periodic monitoring of nest success and analysis of eggs

and body tissues for toxic chemicals and metals would

allow an immediate response to any contaminationContinued
monitoring of ospreys is recommended in view of

the long halflife and toxic effects of organochlorinecompoundsand the ospreys exposure to toxins in some

wintering areas Construction of artificial nest sites

decreasing human activities near nests and assuringadequateprey base are especially important to maintain the

current population as well as aid recovery in the years

following a weatherrelated disaster

Research

Important subjects that need research include osprey

preferred prey type size abundance ecology andnutritional
value the influence of human disturbance on

reproductive success the identification of parasites and

agents responsible for diseases and stressrelatedmortality
mortality rates of specific age and sex classes to

improve estimates of productivity rates required tomaintain
population stability and foraging efficiency andenergybudgets

CONCLUSION

The Chesapeake Bay osprey population has shown an

increase since the early 1970s largely due to the banning

of DDT and the ospreys adaptability to artificial nest

structures Many anthropogenic activities influence

Chesapeake Bay ospreys including the removal of active

nests from structures serving humans toxic

contamina205
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tion of the environment shooting pollution of Bay

waters overharvesting of fish and annoyance byhumansMost of these problems can be minimized byincreasingpublic awareness of osprey problems enforcing

laws protecting ospreys developing and implementing

management actions for ospreys and providingmanagement
assistance to businesses and individuals adversely

affected by osprey activities Resolving problems related

to chemical contaminants deteriorating water quality and

dwindling fish populations can be achieved only through

more farreaching efforts involving Chesapeake Bay

cleanup programs and controls on pollution and aquatic

resource harvesting
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Table 1 Daily rate

o
f male fish deliveries to Osprey mate and nestlings

Location

No Fish DeliveriesBrood Size

Eggs 1 2 3 4 With Nestings

Florida Bay Fla31 43

Orange Lake Fla2 30 40

Newmans Lake Fla2 25 35

Sante Fe Lake Fla2 40 42

Chesapeake Bay Va54 83

Long Is Sound NY31 5 82
Flathead Lake Mont20 34 27 46

Cascade Lake Idaho60 46 56

Eagle Lake Cal20 30 39 46 50

34 66Humboldt Bay Cal23
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Table 2 Average length and weight of osprey prey species

Location Species Composition Length cm Weight g
mean range n mean n

Newnans Lake Threadfin shad 70

north Fla 197226 Gizzard shad 4

Sunfish 18 7535 34

Black crappie

Largemouth bass

unidentified

26

Florida Bay Fla 19787931 unidentified 190±13a

Long Is Sound NY Winter flounder 50 172±11a

19787931 Winter flounder 50 183±10

Halifax coastal Nova Alewife 24±3b 46 220±82b 46

Scotia 198110 Smelt 19±4 32 54±27 32

Winter flounder 18±7 31 102±114 31

Pollock 37±6 27 630+250 27

Northcentral Minnesota Bluegill 128 76 51 76

Lakes 1966715 Black crappie 172 67 82 67

Yellow perch 153 28 37 28

Largemouth bass 219 22 144 22

Pumpkinseed 132 9 54 9

White crappie 183 7 77 7

Northern redhorse 276 4 612 4

Northern pike 428 3 624 3

Yellowstone Lake Cutthroat trout 93 28 10 40 116

northwest Wyoming 19737456 Longnose sucker 7 28

Cascade Reservoir Brown bullhead 28

westcentral Idaho Northern squawfish 24

19787960 Salmonids 20 89 between

Lgscale sucker 1 1 11 30 152

unidentified 11

Yellow perch 6

Humboldt Bay northern Surf perch 63

California 197258 unidentified 24

Anchovies 3 1823 211

Silversides 2

Herrings 2

Sculpins 1

a mean ± SE
b mean± SD
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BALD EAGU
Haliaeetus leucoce lus

James D Fraser David A Buehler Glenn D Therres2 and Janis K D Seegar3

The
Chesapeake Bay may once have provided habitat for as

many as three thousand pairs of breeding bald eagles and
for thousands of subadult and migrant birds Thepopulationhas declined dramatically over the past three centuries due

to habitat destruction persecution and contamination by DDT
and other chemicals reaching a low of 8090 breeding pairs in

1970 After DDT was banned in 1972 the population began to

increase In 1989 185 pairs of eagles nested in Maryland and

Virginia

Eagles require large trees for nesting roosting and perching
These trees must be in areas with limited human activity Bald

eagles are opportunistic predatorscavengers consuming many
different prey species They take fish when they are available but

shift to waterfowl and mammals when fish are scarce

The longterm survival of the bald eagle on Chesapeake Bay will

be determined by the management of shoreline habitat The very

rapid rate of shoreline development if unchecked will eliminate

most large undisturbed forest blocks in the next 50100 years and will lead to a decline and perhaps

extirpation of the species from the Chesapeake Bay area This can be avoided if a series of shoreline refuges
is created Adequate fish and waterfowl populations also will be required to sustain the species in the future

INTRODUCTION

The bald eagle has long been special to Americans27 It

became the national symbol in 1782 because of its regal

appearance and because as the only sea eagle native to

this continent it is uniquely American A carnivore that is

sensitive to environmental changes the eagle is also an

indicator of the health of our beleaguered coastalecosystemsThe decline of the Chesapeakes eagle population

which may once have numbered in the thousands to less

than 100 pairs by 1970 is a clear indication of thedegradationof the Chesapeake ecosystem

The species is now recovering from the widespreadnestingfailures caused by DDT but its future survival is

endangered by development of the Bays shoreline

habitat The fate of the eagle on Chesapeake Bay will

mirror the fate of the shoreline forests which once s
u

s
ta

in
e
d

native Americans and European settlers and which

still protect the Bays watershed and provide habitat for

wildlife and enjoyment for people

BACKGROUND

The bald eagle is found near large bodies of water

throughout North America fromcentral Alaska andnorthernCanada to northern Mexico Baja California the Gulf

coast and Southern Florida5 Two subspecies arerecognizedbased on size In the eastern United States the

larger subspecies Hl alascanus breeds from Maryland

north while the southern subspecies H I leucocephalus

breeds fromVirginia south The demarcation of thebreeding
range of the two subspecies is arbitrary4 and some

authorities question the validity of the subspecificdesignations2
Virginia Polytechnic Institute and State University Department of Fisheries and Wildlife Sciences Blacksburg Virginia

2Maryland Department of Natural Resources Wildlife Division Wye Mills Maryland
3US Army Aberdeen Proving Ground Chemical Research Development and Engineering Center Aberdeen Maryland
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Eagle breeding sites are located throughout theChesapeakeshoreline generally within 1 km of the water326 in

sparsely developed or undeveloped areas Nestingconcentrations
are greatest along the Potomac andRappahannock

Rivers and in Dorchester County Maryland and

lowest in the vicinity of urbanized areas like Baltimore

Washington and Norfolk Map Appendix Locally

hatched subadult eagles are similarly distributedNorthernand southern migrants tend to be more clumped into

concentration areas9 although these areas are also used

by local birds

Summer concentration areas include the AberdeenProvingGround Maryland Caledon State Park near Owens

Virginia and the James River from Windmill Point to Tar

Bay Winter areas include the Aberdeen Proving Ground

Mason Neck National Wildlife Refuge the Blackwater

National Wildlife Refuge and Fishing Bay Wildlife

Management Area and vicinity the Rappahannock River

near Fredricksburg and Champlain the James river on

Presquile National Wildlife Refuge the Chickahominy

River and the Pocomoke River near Rehobeth Maryland

A small fall concentration area is located on the

Susquehanna River just below the Conowingo Dam Map
Appendix 12

Eagle densities on the pristine Chesapeake are unknown

However given the high productivity of the Chesapeake

prior to European settlement it may be reasonable to

assume that they were similar to densities found inundevelopedAlaska today Applying Alaskan densities2s35

to the 13000 km of Chesapeake shoreline29 suggests that

the Chesapeake breeding population before European

settlement may have exceeded 3000 pairs

Although records are lacking the eagle populationundoubtedlydeclined substantially in the 17th and 18th

centuries During this period much of the original forest

was cleared for agriculture and many nesting perching

and roosting sites were no doubt destroyed Moreover

eagles like other predators were routinely persecuted
622

Thus by the end of the 19th century a number ofauthoritieswere expressing concern about the eagles future7°834

In the late 1940s a new problem was added to those of

habitat destruction and shooting DDT an insecticide that

entered aquatic food webs and caused eagles and other

fisheating and predatory birds to lay thinshelled eggs43

As a result although Chesapeake eagle pairs in 1936

produced on average 16 young per nesting attempt by

1962 production had declined to 02 young produced per

pair38 This low reproduction coupled with increased

mortality due to other contaminants notably dieldrin and

kepone and from continued shooting caused the eagle

population to decline to a number even below the levels

dictated by the diminishing habitat By one estimate the

breeding population had decreased to 8090 pairs by

19701

Following the end of commercial DDT use in the early

1970s eagle reproduction began to increase and by 1985

productivity had returned to preDDT levels Mortality

due to shooting may also have declined The population

began to grow In 1989 185 pairs of eagles laid eggs in

Maryland and Virginia1238 Although this increase in the

population is a good sign the eagle is not out of danger

in the region because its habitat is rapidly being destroyed

LIFE HISTORY

Chesapeake Bay adult eagles generally remain in their

nesting territories throughout the year9 and may be seen

repairing nests or building new nests during any month

of the year1938 During the winter however attention to

the nest increases in preparation for the breeding season

Egg laying takes place in January through March with a

peak inFebruary38 Typically one to three eggs are laid

but there are three unpublished records of Chesapeake

clutches containing four eggs
and three records offiveeggclutches In addition we observed one brood of four

chicks in 1986 Incubation lasts 35 days24

Chicks typically leave the nest at 1012 weeks of age19

However occasionally young are blown out or fall out

prior to fledging These young are cared for by their

parents and many survive Thus Chesapeake young leave

their nests from May through July The young rely on their

parents for a number of weeks after their first flights but

gradually learn to hunt and begin to spend more time

away from the nest By winter their movements are

similar to other subadult birds

Eagles do not attain the adults white head and tail until

they are four years old31 they very rarely establishbreedingterritories before then Birds in subadult plumage

move among undeveloped forested habitats throughout

the year depending in part upon prey availabilityChesapeakehatchednonbreeders tend to move toward the

northern Bay in summer and toward the south in winter

Although they occasionally stray as far north as Maine

during the summer and as far south as North Carolina

during the winter locally reared birds spend most of their

lives on or near the Chesapeake939

In addition to providing yearround habitat for locally

reared eagles Chesapeake Bay provides key habitat for

migrating eagles as well Eagles from Maine NewBrunswickand other northern areas winter on the Bay from

November to April Eagles from Florida and othersouthern
states summer on the Bay from April to October9 A

few migrants may linger beyond these general time

periods We observed one radiotagged Florida bird on

the Chesapeake in January for example
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During the summer eagles are primarily piscivorous

They forage most intensely at first light but will take prey

at any time of day Most hunting is done from a perch and

most fish are captured in shallow water where fish density

is greatest33 In winter when fish availability declines in

parts of the Bay eagles switch to waterfowl and other

species probably taken mostly as carrion33

Eagles roost solitarily or communally throughout the year

In one study on the northern Chesapeake communal

roosting was least common during the summer and most

common during the fall11

HABITAT REQUIREMENTS

Water Quality
Changes in water quality affect bald eagles chiefly through

their impact on prey species However because bald

eagles are opportunistic in their choice of prey a decline

in a particular prey species may be offset by increases in

other prey Thus maintaining water quality standards that

provide for a high biomass of a variety of species will

benefit the bald eagle Maintaining conditions suitable for

gizzard shad may be particularly important in the northern

bay since this appears to be the chief fish prey during

winter months when other species are scarce33

ECOLOGICAL ROLE

Bald eagles are opportunistic predatorscavengers taking

many species of fish birds and mammals1833 They prefer

fish taken alive or dead but turn to waterfowlwhitetailed
deer and other species during the winter when fish

are scarce Studies on the northern Chesapeake suggest

that eagles may prey on different fish species inproportion
to their availability Gizzard shad channel catfish

Atlantic menhaden and white perch were the mostcommonlyidentified eagle prey species
and were also the

most common species caught in gillnets33 American eels

and yellow perch were also common prey for eagles

Similarly Atlantic menhaden and American eels were the

species most commonly delivered to young in nests on

the Potomac and Rappahannock Rivers41 Carp werecommonlyfound at nests during banding operations18 but this

may reflect the long life of the remains of this species33

rather than a feeding preference by eagles Gizzard shad

may be a particularly important prey species because

unlike many others it is frequently available in winter33

In November on the northern Bay waterfowl numbers

increase and hunting of them increases the availability of

crippled and dead waterfowl At the same time fish

availability declines Probably in response to this change

eagle use of fish declines and use of waterfowl primarily

mallards and Canada geese increases2833 Scavenging of

whitetailed deer and other mammals also increases in

winter As waterfowl numbers decrease and fish become

more abundant after January eagle use of birds and

mammals declines and is infrequent by May

In addition to the fish and waterfowl that make up most

of the eagles diet a variety of other species may be taken

including herons hawks passerine birds gulls raccoons

muskrats rabbits turtles and many others Some of these

are undoubtedly taken as carrion others are likely pirated

from other predatory birds1833

Structural Habitat
Ideal eagle habitat consists of mature shoreline forests

with scattered openings and little human use adjacent to

water with abundant fish and waterfowl Table 1 Such

habitat must contain adequate nesting roosting andperchingsites

Nesting Sites

Most eagle nests on the Chesapeake > 60 are inloblollypines A variety of other tree species are used including

shortleaf pine Virginia pine white oak chestnut oak

northern red oak swamp white oak southern red oak

willow oak North American tuliptree American beech

bitternut hickory American sycamore and American

sweetgum None of these species other than loblolly

pine accounts for more that 10 of the nesting sites31726

Nest trees are typically large supercanopy trees Mean

nest tree heights in Virginia and Maryland were 30 m and

23 m respectively and diameters were 57 cm and 62

cm326 This compares with heights and diameters ofrandomlyselected trees of 17 m and 39 cm respectively

suggesting that trees large enough for eagles areuncommonon the Chesapeake only trees larger than 20 cm

were included in the random tree sample

Eagles usually choose nest sites within a kilometer of

water in open or broken mature forested habitat326

Roosting Sites

Like nest trees roost trees differ from average trees near

the shoreline In one study on the northern Chesapeake

the mean diameter of roost trees was 74 cm compared to

the 39 cm diameter of randomly selected trees All roosts

were in forest blocks greater than 43 ha more than 40

were in a single 5000 ha forest block1l In contrast 48 of

forest blocks on the study area were smaller than 43 ha

Roosts are typically located in areas with little or no human

development and adjacent to good foraging habitat Oaks

beeches and North American tuliptrees were used most

frequently for roosting in the northern Chesapeake11 but

other species including loblolly pines are used elsewhere

on the Bay1115 Roost trees are probably selected on the
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basis of size habitat location and branch configuration

rather than by species

Perching Sites

Eagles spend most of the daylight hours perched Most

hunting is done from a perch and most strikes at fish are

made within 100 m of the shoreline Thus widelydistributedsuitable perches near foraging areas may be

especially important to bald eagles33 Like roosting and

nesting trees perching trees are much larger than the

average shoreline tree In one study on the northern

Chesapeake perch trees averaged 53 cm in diameter

compared to an average of 34 cm for trees randomly

selected from perching areas13

SPECIAL PROBLEMS

Shoreline Development and Human
Disturbance
The most pressing problem facing the Chesapeake bald

eagle is the conversion of shoreline forest to housing

developments marinas and other types of human habitat

This process removes trees used by eagles for nesting

roosting and perching and increases encounters between

eagles and people These encounters can alter eaglebehavioroften reducing or eliminating eagle use of some
areas

1 021303237

For example Chesapeake eagles generally avoidbuildingsand roads when choosing nest sites3 Jaffee26

reported that inactive nests were closer to the water than

active nests Because human activity near the shoreline

has been increasing this pattern of nest selection suggests

that eagles are moving away from the water in response

to human activities along the shoreline This is consistent

with observations in Minnesota where recentlydiscovered
nests were farther from the shoreline than older

nests21 Jaffee26 characterized human activity at 33 of the

40 nests studied as light which is consistent with the

observation that eagles appear to avoid humandevelopmentswhen choosing nest sites

Even when nests are far from developments humanactivitiescan disrupt normal eagle behavior Areas used by

eagles for perching are almost always in undeveloped or

very lightly developed areas Areas with more than one

building per hectare are almost never used1° Similarly

boat traffic can disturb eagles and reduce eagle use of the

shoreline 103042

It is not known how far from the shore human activity

should be to avoid disturbing eagle shoreline use but

analyses to date suggest that houses as much as 500 meters

from the water may discourage eagle use10 Similarly

studies on the Columbia River in Oregon suggest that

human activity 800 meters from traditional perches can

reduce eagle use32

Most nests and roosts are on private lands17 and private

property along the Chesapeake is being developedrapidlyThe 2020 Report 2
3 a study done for the Chesapeake

Bay Executive Council predicted a 73 increase in the

amount of developed area in the Maryland portion of the

Chesapeake Bay watershed and an 80 increase in the

developed area in the Virginia portion of the watershed

by the
year 2020 Much of this development will take place

on the
private land that eagles use Thus we expect the

eagle population to continue to increase to the level the

natural habitat can support and then decrease as forested

shoreline is developed I
f shoreline developmentcontinuesat the rates predicted in the 2020 Report most eagle

habitat on the Chesapeake will be gone in 50100 years

and the substantially reduced eagle population will be

confined to the few remaining islands of habitat in the

public domain

In Maryland the Chesapeake Bay Critical Area Protection

Program14 provides for certain sections of shoreline to be

set aside as Resource Conservation Areas including

wildlife habitat areas40 Appropriate protection of bald

eagle nest sites are mandated by this program40 but the

extent of that
protection may not be sufficient to protect

the eagle population The effectiveness of the program

needs to be evaluated but at present we suspect that many
such areas may be too small to be of much help For

example the general guidelines call for forested buffers

100 feet wide along tidal shorelines whereas eagles need

larger undeveloped areas Similarly the 100foot buffers

provided under Virginias Chesapeake Bay Preservation

Act will provide little protection

A smaller scale approach to protecting habitat is to create

buffer zones around key habitat components such as

nest sites and roost sites Human activity that could disturb

eagles or degrade eagle habitat eg construction or

extensive land clearing are excluded from these zones

Currently a quartermileradius buffer exists around nest

sites in the Chesapeake region with recommendations for

differing restrictions in three zones 0100 m 100200 m
and 200400 m within the buffer16 Recommendedrestrictionson human activities are greatest during the

breeding season Although this buffer scheme coupled
with adequate vegetative screening may be sufficient to

protect some nesting eagles reports that eagles may be

disturbed by human activities as distant as 800

meters102032 indicate that the system should be carefully

evaluated by field experimentation

Despite the widespread use of nest buffers it is clear that

the tiny habitat parcels they provide do not adequately

protect foraging habitat used by nesting eagles Moreover

nest buffers do not protect habitat needed bynonbreedingeagles for roosting perching and foraging Longterm

survival of the bald eagle on the Chesapeake Bay will
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require retention of extensive shoreline forests with large

> 50 cm diameter trees

Shooting

Despite an apparent decrease in shooting rates20 eagles

are still being shot Even fairly low shooting pressure can

reduce the population in a slowly reproducing species

like the bald eagle

Contaminants

Although the great threats caused by chlorinatedhydrocarbonssuch as DDT and dieldrin have subsided with the

banning of these chemicals the bald eagles role as a top

carnivore and scavenger makes it vulnerable to ingesting

new chemicals that may enter its food chain Thus it will

remain at risk due to such chemicals The chapter on toxic

impacts to birds addresses this issue

RECOMMENDATIONS

We believe that the following actions are required to

ensure the continued viability of the Chesapeake eagle

population Many of these recommendations mirrorthose

in the Chesapeake Region bald eagle recovery planUnfortunatelythe plan has been incompletely implemented

Management Recommendations

Establish a System ofEagle Refuges

I
f bald eagles are to regain their former status as significant

members of the Chesapeake ecosystemindeed if they

are to maintain even their current lownumberssignificant
areas of shoreline forest will have to be preserved

The optimal size for such sites is unknown but it is clear

that the larger the area the more effective the refuge This

is true not simply because larger refuges provide more

space for eagles but also because smaller refuges will be

more subject to human disturbance from outside the

refuge borders For example assuming a disturbance

distance of 800 meters and ignoring the effect ofvegetative
buffers a square 4 km2 refuge would encompass 400

ha but would have only 16 ha of disturbance free area

4 of the refuge area while a square 400 km2 refuge

encompassing 40000 ha would have 36800 ha ofdisturbance
free area or 92 of the total area Ideally refuges

should be adjacent to the Bay or its largest tributaries and

should abut shallow waters with good fish and waterfowl

populations

The first priority for protection should be placed onunprotectedareas now known to receive substantial eagle

use A second level priority should be placed onundevelopedareas not currently known to receive eagle use

but which with proper management could be developed

into prime eagle habitat Deforested agricultural areas

adjacent to apparently suitable foraging waters would be

good candidates for this category

Eagle refuges need to be protected by irreversiblearrangementsThis could include outright land purchase by

public agencies purchase of development rights orpermanentconservation easements Voluntary agreements

with landowners while a good stopgap measure will not

likely survive periods of increasing land values and higher

taxrates Shoreline is being developed at a very rapid rate

Thus creation of shoreline refuges is an urgent need that

will require a cooperative effort involving Federal state

and private entities

Continue the Current Buffer Zone Policy

Although the current buffer zones are not an adequate

substitute for preserving large forest blocks they doprovidesome protection for significant habitat elements It

seems unlikely that enough habitat will be protected in

large reserves to guarantee the viability of the population

Thus buffer zones around key areas on land being

managed primarily for other purposes should remain a

part of the Chesapeake eagle management strategy for the

foreseeable future

Inventory All Federal Lands ForEagle Use
and Review the Eagle Management Plans For

These Areas
The Endangered Species Act gives Federal agenciesspecial

responsibilities for conserving threatened andendangered
species Each Federal property should have an

eagle management plan that ensures protection of eagles

and eagle habitat

Continue To Encourage Landowners To

Manage Their Properties To Benefit Eagles

Where it is not possible to effect permanent binding

protection of habitat landowners should be encouraged

to conserve eagles voluntarily The landowners guidel6

used in the past as a key reference in this process should

be updated to reflect recent findings about bald eagle

responses to human activities

Conserve An Uncontaminated PreyBase

I
f the efforts to conserve uncontaminated populations of

fish and bird species outlined elsewhere in this volume

are successfully implemented little else should benecessaryto provide adequate prey for bald eaglesConservationof frequently used prey species such as the gizzard

shad Atlantic menhaden channel catfish white perch

American eel mallard Canada goose and whitetailed

deer may provide the greatest benefit to the bald eagle

Educate The Public About Threats To Eagles

And Shoreline Habitats

Continued effort should be made to educate the general

public about the impact of land development shooting

and other human activity on Bay bald eagles Only a

knowledgeable public will be likely to support the

expen215



BALD EAGLE

sive habitat conservation efforts required to secure the ranted given the fact that adults remain on territory

bald eagles future on Chesapeake Bay throughout the year

Continue Enforcement Efforts

Although shooting eagles has declined some shooting

and intentional poisoning still occur Continuedenforcement

is needed to deter such acts

Research Recommendations

Inventory Key Habitats

Although nest locations and some concentration areas are

well known other concentration areas are still being

discovered A systematic aerial survey of the shoreline

should be conducted to determine if areas are being

overlooked At a minimum earlymorning surveys during

the late summer and midwinter population peaks942

should be undertaken Alternatively radiotelemetry

studies can delineate the most important congregation

areas

Creating refuges will also require inventory of theundeveloped
portions of the Chesapeake shoreline whether

or not they are currently used by eagles This inventory

should include a description of the habitat characteristics

and development status of those areas and an analysis of

the effect of Marylands Critical Area Program and

Virginias Chesapeake Bay Preservation Act on eagle

habitat Existing habitat development and zoningcharacteristicsshould be included in a geographic information

system data base to facilitate decisionmaking research

and monitoring of eagle habitat status Additional research

should be conducted to develop a system to rank existing

and potential habitat by its potential to aid longterm

population survival The initiation of habitat acquisition

should begin immediately however There are substantial

unprotected parcels of obvious great value to the eagle

population

Evaluate the Efficacy of Current Buffer Zones

It is unclear if the current buffer zones are large enough

to protect eagles adequately These should be evaluated

by studying eagle habitat use in response to experimental

disturbances

Conduct Population Viability Analyses
Population viability analyses36 should be conducted to

determine the desirable number and distribution of eagle

refuges Until enough habitat has been irrevocably

protected to ensure longterm viability of the Chesapeake

population all known habitat areas should be vigorously

protected

Determine the Factors Regulating Eagle
Distribution and Abundance

Currently the Chesapeake population released from the

impacts of DDT which had been limiting eagle numbers

is increasing rapidly That increase cannot continueindefinitelyWithin suitable habitat the size of the eagle

population may be limitedby the number of suitable nest

trees by prey availability or by some other factorsEffective
management of the eagle population at that stage will

require an understanding of the factors that regulate the

population numbers

CONCLUSION

The bald eagle much reduced from former numbers by

habitat destruction shooting and contamination isenjoyingan increase following a decline in DDT in its food web
This population increase will soon be reversed as the

shoreline habitat required by the eagle is converted to

housing developments shopping malls and industrial

sites Only immediate and decisive action to preserve

habitat will prevent this ultimate decline

Determine Shoreline Requirements ofNesting

Eagles

A study of foraging habitat requirements of territorial

eagles and their offspring should be initiated Information

from such a study would allow buffer zone prescriptions

to be accompanied by prescriptions for managing the

shoreline habitat used for perching foraging androosting

It would also help determine whether relaxation of

restrictions near nests in the nonbreeding season is
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Table 1 Habitat requirements for bald eagle

Forested Shoreline yes

Diameter of dominant trees >50 cm

Height o
f dominant trees >19 m

Minimum distance roosts to human
activity 800 ma

Minimum distance nests to human activity 400 Mb

aBased on reported disturbance distances Distances may vary depending on activities within the site of perched eagles and other

factors Details for specific sites should be worked out with the state wildlife agencies and the U S Fish and Wildlife Service

bBased on the typical outer buffers in use on the Chesapeake Bay at present Typically greater restrictions on human activity are

required in inner subzones Sitespecific details should be discussed with the state wildlife agency or the U S Fish and Wildlife

Service



EFFECTS OF CONTAMINANTS ON
FISH SHELLFISH

S Ian Hartwell and Stephen J Jordan

Maryland Department of Natural Resources

Chesapeake Bay Research and Monitoring Division

Annapolis Maryland

A variety of factors influence the effects of toxic

contaminants on fish and shellfish including the

sensitivity of species their life stages and theinherent
biological activity of the contaminantsEnvironmental
exposure is influenced by species life histories and

the persistence mobility and bioaccumulation potential of

contaminants Toxicity is modifiedby interactions with the

physical chemical and biological components of theenvironmentwhich in turn govern the transformations

movement and accumulation of contaminants

Monitoring of toxic substances in Chesapeake Bay has not
as a rule been coordinated with investigations into effects

of toxicants on commercially and recreationally important

species Toxicity information is limited for most of the

target species and virtually absent for some The bulk of
information comes from laboratory toxicity studies of single chemicals These tests can provide data on the
relative toxicity of chemicals or relative

sensitivity of species but may not be reliable predictors of
environmental effects

Documented effects of toxicants on Chesapeake Bay fish and shellfish include 1 accumulation of
measurable tissue burdens of pesticides polychlorinated biphenyls PCB polynuclear aromatichydrocarbonsPAH and heavy metals 2 development of lesions deformities and tumors associated with a few
severely contaminated habitats and 3 high mortality rates of anadromous fish larvae associated with

potentially toxic mixturesof contaminants eg aluminum cadmium copper lead chlordane incombinationwith other undesirable water quality conditions in spawning and nursery areas

Problems of toxicity in the Bay ecosystem require integrated approaches that address multiple chemical and
species interactions and focus on appropriate toxicological endpoints Protection of fish and shellfishtheir

prey and their consumers from the harmful effects of toxic contaminants will require broadbased regional
strategies to reduce contaminant loads to the Bay and its tributaries

INTRODUCTION problems There are numerous Baydependent species of

ecological commercial or recreational importance

Thousands of potentially harmful substances enter the

The Chesapeake Bay Program has been working over the Bay from a large array of point and nonpoint sources

past several
years to define the bounds of water quality There are thousands of square kilometers of the estuary

and habitat conditions within which the Bays fish and and

it
s watershed to evaluate and monitor Yet the most

shellfish along with other living resources can survive important connections between contaminant exposures

andreproduce There are no simple solutions to the and hazards to living resources must be found and

in
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preted in ways that will lead to better management of Bay

water quality and protection of living resources

Fish and shellfish usually are not victims of intentional

poisoning Except for planned uses in lake and pond

management and research the anthropogenic substances

that harm living resources are wastes or byproducts from

industry agriculture transportation and domesticactivities
Organisms are exposed to toxicants in their natural

habitats because these wastes are poorly managed

through ignorance carelessness or economicexpedience
The Cheapeake Bay Program has adopted a regional

strategy for reducing loads of toxic substances to the Bay2

The strategy a commitment of the 1987 Bay Agreement

was necessary because it was recognized that actions to

reduce the impacts of toxic contaminants could not be

entirely effective on a local or even statewide basis The

current restrictions on the use of tributyltin TBT paints

on recreational vessels are an example of how states can

act in concert to address an environmental threat

Maryland and Virginia by cooperative action achieved

effective control of TBT in the Bay soon after the threat to

aquatic life was recognized Their actions probablyhastened
the Federal response to the problem

The objectives of this chapter are 1 to provide an

overview of the ecological toxicity problem as it relates to

Chesapeake Bay fish and shellfish2 to summarizeavailable
toxicity data for Chesapeake Bay target species we

have applied the Chesapeake Bay Programs Toxics of

Concern List1 to narrow the field to a manageable subset

of contaminants and 3 to highlight some important

considerations relevant to habitat requirements and needs

for additional data

FACTORS AFFECTING TOXICITY

In the wild toxicological effects of contaminants are a

function of the combined exposure to all contaminants

from all sources and the interactions of contaminants with

environmental factors including the organismsthemselvesThe sensitivity of various species to toxicants can be

related to physiological species differences and life stage

The hazard of a chemical is related to the chemicals

inherent toxicity persistence bioaccumulation potential

metabolic byproducts and mobility in environmental

media Exposure is influenced by characteristics of a

species habitat feeding mode diet etc the physical

and chemical characteristics of the material solubility

persistence etc and discharge characteristicsconcentrationduration frequency etc All of these factors

may be influenced in turn by environmental interactions

with temperature salinity pH dissolved oxygen DO
etc Contaminants can threaten survival and successful

reproduction and subsequently lead to ecological

damage depleted populations and loss of fisheries

Sensitivity

Eggs and larvae generally are more sensitive to toxicants

than juveniles or adults For example the 96 h LC50 of

CuSO4 to larval and juvenile striped bass is 100 and 620

tgL1 respectively13 The earliest life stages of fish and

shellfish are passive or only weakly mobile lack fully

developed sensory systems and so cannot actively avoid

or escape harmful conditions Eggs and larvae have large

surface area to volume ratios Therefore relatively high

loadings of contaminants can be absorbed relative to

juveniles or adults Earlystage larvae particularly of fish

may not have completely impermeable protectivecoveringsshells and scales and are subject to direct cellular

uptake of contaminants through the body wall Further

they may lack fullyexpressed enzyme systems necessary

for efficient detoxification and excretion of contaminants

Animals that spawn or undergo early development in the

ocean are not exposed to pollutants in Chesapeake Bay

during their egg and larval stages Therefore the concern

for marine spawners in the Bay is with the more resistant

juveniles and adults In contrast resident and anadromous

species potentially are exposed throughout their entire life

cycles or at least during the sensitive egg and larval stages

These species face greater risks from toxic substances It

has been observed that most commercially important

species which spawn in the Bay or its watershed have

reduced stocks relative to historic levels whereas the

abundance of those that spawn outside the Bay generally

has been maintained eg blue crab Atlantic menhaden

or has increased eg spot4 The relative impacts of

overfishing habitat loss and exposure to toxic substances

cannot be determined at the present time Nevertheless

the opposite trends in stocks of resident versus transient

species imply that habitat stresses including toxiccontaminantsare limiting factors for resident species

Hazard

Chesapeake Bay waters contain numerous anthropogenic

contaminants Many of these contaminants are not acutely

toxic at low concentrations and often are beneficial or

essential trace micronutrients The classes of substances

generally considered as toxicants in natural waters include

heavy metals eg lead cadmium some light metals

eg aluminum beryllium metalloids eg arsenic

selenium halogens chlorine and bromine inorganic

compounds eg hydrogen sulfide ammonia
petroleum hydrocarbons chlorinated hydrocarbons

many insecticides PCB etc several classes ofpesticidesand PAH Within these generic groups different

substances can have greatly different toxicities when

tested under similarconditions For example somepesticidesand metals eg toxaphene TBT mercury cause

acute mortality to fish or shellfish a
t concentrations on the
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order of one part per billion or even less whereas others

eg chromium atrazine do not have observable toxic

effects at concentrations 10000 or more times greater The

variation in toxicity is a function of both chemicalreactivityand individual species sensitivity For example

penaeid shrimp are on average 36 times more sensitive to

organochlorine pesticides than mysid shrimp3Converselymysid shrimp are more sensitive than penaeid shrimp

to pyrethroids by a factor of 54 Sensitivity to

organophosphoruschemicals is speciesspecific within the two

groups3

Bottomfeeders may experience higher exposure through

the food chain than planktonfeeding species because

sediments tend

to

accumulate many toxic substances

Predatory species may develop high body burdens of

persistent chemicals because their
prey

have accumulated

toxicants fromthe food chain possibly multipliedthrough

three or more levels Benthic animals and rooted aquatic

plants may be exposed to high levels of toxicants by

simple physical contact with sediments which accumulate

hydrophobic chemicals

Many contaminants are metabolized to some extent by

enzyme systems of organisms These processes
include

degradation chemical breakdown and conjugation

chemical binding reactions Metabolic byproducts may
be more or less toxic than the original substances or they

maybe mutagenic cause genetic damage Again the end

result depends on the chemical and the species oforganism
Exposure
Exposure is central to the question of environmental

toxicity Extremely toxic chemicals may be relatively

harmless if exposures are short because the organism

may not retain them or the toxic effects are reversible

Other toxicants may have serious chronic effects atenvironmentalconcentrations which are not readilydetectable
by usual analytical procedures because the

toxicants or their effects are cumulative or irreversible

Exposure of fish and shellfish to toxic contaminants is

influenced by how long the substances remain in the

habitat and whether substances that are continually

delivered to the habitat accumulate more rapidlythan they

disperse or degrade Use of some of the most persistent

toxicants has been restricted or banned eg DDT PCB
but the toxic effects of widespread residues of these

substances and their breakdown products are stilldetectableand are expected to be present for many years

Persistence also affects exposure through the potential for

bioaccumulation and bioconcentration Some toxicsubstancesaccumulate selectively in certain biologicaltissueswhere they are not readily metabolized or excreted

The mobility of a chemical is strongly influenced by its

solubility in water and its partition coefficient Many
toxicants are selectively adsorbed by small suspended

particles which can be ingested by filterfeeding fish and

bivalves or are concentrated in organicallyrich sediments

ingested by deposit feeders Once removed from the

water column by sedimentation the contaminants are not

immediately available to pelagic species but may become

available via the food chain Highly soluble chemicals

tend to remain in the water column and available to

organisms there but also may be dispersed and diluted to

insignificant concentrations

Interactions

Temperature salinity DO pH hardness alkalinitycontaminant
combinations and genetic adaptation areexamplesof important factors to be considered in evaluating

whether a single contaminant is likely to be harmful to

individuals orpopulations of target species The effects of

these interactions on toxicity are both chemical and

biological The question of biological availability can

greatly complicate attempts to assess the toxicity of natural

waters by chemical measurements For example under

some conditions metals form insoluble compounds or

nontoxic chemical complexes whereas under otherconditionsmore toxic forms usually the dissolved simple

ionic form predominate

For a variety of habitat factors salinity DO temperature

etc each species and life stage has a definite tolerance

range The toxicity of a chemical will increase or decrease

with the degree of stress imposed upon the organism by

these other habitat conditions Near the limits of species

tolerance for a given parameter eg salinity the toxicity

of pollutants would be expected to increase due to

physiological stress

Temperature
Higher temperatures tend to increase both the chemical

activity of contaminants and biological sensitivity to them

Interactions of chlorine exposures with temperature and

salinity have received considerable research attention

Chlorine total residual was 75 times more toxic to

juvenile alewife at 30°C than at 10°C see also WHITE PERCH

and SPOT this volume

Dissolved oxygen
Low DO is a stress factor for fish and shellfish and is

generally thought to exacerbate the effects oftoxicants

although evidence of this effect for the target species is

scant Hypoxia can increase the solubility of some toxic

metals making them more available and can influence

the chemical and biological processes which transform

toxic organic compounds to more or less toxic forms We
have found no examples reported in this volume ofresearchinto the interactions of DO with contaminants
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pH hardness alkalinity salinity

In fresh and weakly brackish waters low pH can increase

the availability and exacerbate the effects of toxic metals

especially on larval fish Hardness approximately the

sum of dissolved calcium and magnesium and alkalinity

acid neutralizing capacity contributed by buffering ions

such as bicarbonate can help to protect against the

harmful effects of low pH and toxic metals Salinity has

protective effects similar to those of hardness and

alkalinity suggesting that the critical factor may be the

ionic strength of the water more than individual ionic

constituents Most of the information on these interactions

has been developed for larval striped bass see STRIPED

BASS this volume Less than optimum levels of pH
alkalinity and hardness have been linked to increased

metal toxicity and decreased survival of striped bass larvae

in the laboratory in hatcheries in onsite and in situ

exposures and also have been associated with poor year

class success recruitment in field studies

Chemical transformations
Chemical transformations of toxicants are common in the

aquatic environment The toxicity of a substance may be

modified greatly by changes in its chemical form These

transformations often are strongly influenced by the

chemical and physical environment Gradients of pH
salinity temperature light intensity and DO can affect the

form and toxicity of a contaminant Salinity can influence

the speciation and complexation of metals the LC50 of

cadmium to juvenile blue crabs decreases with increasing

salinity from 320 tgL1 at 10 ppt to 11600 µgL1 at 30 ppt

probably because of the lower ionic activity of cadmium

greater complexation at higher salinity Sulfate salts of

metals generally are less toxic than chloride salts due to

dissociation kinetics the striped bass 96 h LC50 is 50 µgL1

for copper chloride but is 150 µg for copper sulfate13

INTERPRETATION OF DATA

Applicability of toxicity tests bioassays
The bulk of our knowledge of toxic effects to the target

species comes from laboratory toxicity tests Current

regulatory bioassay techniques for water qualitymonitoringwere adapted from humanhealth based assessment

techniques Simple acute lethality bioassays are difficult

to evaluate relative to ecosystems with great chemical and

biological complexity Given the multitude of potential

exposure scenarios test chemicals and interactions the

testing program required to generate a data base for each

target species comparable to standard test species data

sets would be prohibitively expensive Also theChesapeakeBay target species are frequently very difficult to

culture and to work with in the laboratory They are often

highly susceptible to handling stress which is partly

responsible for the paucity of data on them

No single chemical or group of chemicals is responsible

for toxicity problems in the Bay Unfortunately too little

research has been done on the effects of multiplecontaminantson fish and shellfish to generalize about the

interactions of contaminants Similarly no single species

can be identified as an appropriate sentinel for gauging

toxicant effects in the Bay Regulatory water quality limits

and monitoring requirements are based upon the toxicity

of chemicals or effluents to standard test species In some

cases these species are not even natives or residents of

the Bay Indeed those species which are of direct interest

to man frequently are the most poorly investigated in

relation to effects of toxicants However specific assays

with target species of concern may not be required to

assess the appropriateness of surrogate species used in

environmental monitoring unless there is reason to

believe the target species are particularly sensitive As an

example it should be noted that striped bass are one of

the Bays most sensitive species to pH depressions

Environmental stress induced by toxicants should be

viewed as one of several densityindependent factors that

affect the ultimate health of populations An examination

of toxic stress in the Bay must link toxicological responses

of test organisms to responses
at the population and

community levels A battery of assays which assess

reproduction and recruitment of a spectrum of species is

the most practical approach to environmental assessment

of toxicant stress given the current state of knowledge

For example the Maryland Department of NaturalResourcesand the Chesapeake Bay Program currently areconductinga pilot study to test the sensitivity and efficacy of

a variety of ambient toxicity bioassay techniques These

assays will require further correlation with community

assessments to address habitat impacts including trophic

interactions for selected target species

The development of human health bioassays also resulted

in a system of biochemical stress indicators which are very

sensitive indicators of toxicant exposures and arepredictiveof human health problems There have been limited

attempts to evaluate these biomarkers in aquatic

species However scant data on the real world utility of

these techniques currently exists The ecologicalrelevance
of biomarkers for aquatic species generally isunknownThe sensitivity of biomarker techniques cannot

yet compensate for the degree o
f

extrapolation required

to estimate ecosystem effects from evidence of chemical

exposure

Monitoring data

Interpretation of existing data on the occurrence oftoxicantsin the Bay and the effects of chemicals on biota is

complicated by a variety of problems One problem is the

low geographical resolution and spotty distribution of

contaminants data The geographical distribution of some

toxic contaminants in Bay sediments and biota has been
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characterized on a large scale There are known hot

spots of chemical contamination in Baltimore Harbor and

the Norfolk area However there is not a currentlyavailable
approach to gauge the impacts of individualdischargesover wide areas Similarly it is difficult to extrapolate

from watershed programs designed to reduce nonpoint

source inputs from specific areas to habitat benefits in

higher order streams or estuaries The environmentalimpactsof very diffuse sources such as atmosphericdepositioncannot be realistically evaluated at the present time

yet it is known that these can be significant sources of

toxicants eg PCB From a habitat quality perspective

monitoring of contaminants and toxicity in theenvironmentshould be designed so that linkages can be made

between source reductions and improvements in the

larger integrated system

SUMMARY OF TOXICITY INFORMATION

The Chesapeake Bay Program recently adopted a primary

and secondary list of Toxics of Concern for the Bay
These substances were selected based upon themagnitudeof their use in the region measured environmental

concentrations and their toxicity to humans Bay species

or surrogate species It is instructive to examine the extent

of knowledge concerning the toxic effects of thosechemicalson the target species included in this volume Tables

1 and 2 These data were derived from USEnvironmentalProtection Agency Water Quality
Criteria151617181920212223US Fish and Wildlife Service

Contaminant Hazard Reviews 242526272829303132333435

the Chesapeake Bay Programs Criteria and Standards

Workgroup Data Review1 several water quality synthesis

reviews 4678910111213 and the fish and shellfishchaptersin this volume Each of the data sources was

developed through extensive literature reviews

The data summaries in Tables 1 and 2 are useful only for

illustrative and comparative purposes and are notintended
to represent critical concentrations or starting

points for development of water quality criteria The

separate species chapters in this volume should beconsulted
for more detailed information The individual

values are the geometric means of
toxicity data reported

for each specieschemical pair Some values are the

product of several data points and some represent single

values Data were combined across a variety of testconditionsand life stages not an appropriate procedure for

strict scientific comparisons For example some acute

values are lower than their corresponding chronic or

subacute values This is because of differences inexperimentalobjectives between experiments from which

the data were derived If we included only those data

points which were comparable between life stage

salinity endpoints etc the Tables would be virtually

blank

The most important conclusion to be drawn from these

summaries is that we have very little systematic

knowledge about the direct effects of critical toxicants on

most of the species that we consider to be important

Moreover most of the target species are relatively high in

the food chain Neither the myriad of species which form

the food chain upon which those species depend for their

survival nor the ecological keystone species usually are

included in lists of important ortarget species Toxicity

information

is biased toward easilymanaged laboratory

species rather than species of recreational commercial

and especially ecological importance in Chesapeake

Bay

Most of the available data are for acute toxicity Although

acute data are useful for comparison of the relative toxicity

of a chemical or the relative sensitivity of a species they

are not necessarily useful for prediction of acceptable

concentrations in a healthy environment Chronic or

sublethal data usually are considered more relevant but

are not guaranteed to define safe concentrations The

basic tradeoff is between environmental realism and

specificity The more realistic an experimentally derived

datum the less applicable it is to other situations eg
conditions of life stage salinity temperature DO etc
The more generally applicable a datum eg LC50 the

larger is the extrapolation to the real environment

Patterns emerge from careful attention to Tables 1 and 2
and from the Contaminants sections of several of the

chapters in this volume Copper and mercury areuniversallythe most toxic metals in both acute and chronic

exposures For some species under some experimental

conditions cadmium and silver also are very toxicConsistentwith expectation animals are more sensitive to

insecticides than to herbicides however effects on

primaryproducers caused by toxic concentrations ofherbicideswould present obvious dangers to consumers
Dimilin diflubenzuron an insecticide widely employed

against gypsy moth infestations has more severe effects

on crustaceans than on mollusks as would be expected
The antifoulant TBT is very toxic to all of the species for

which data are available but is most threatening tomollusksWe are mostly ignorant of the effects of theenvironmentally
persistent and ubiquitous polynuclear aromatic

hydrocarbons PAH and polychlorinated biphenyls

PCB on species which are important either as human
food or for other commercial uses although some species

are known to accumulate these compounds inChesapeakeBay see EASTERN OYSTER and HARD CLAM this

volume

The available information suggests the following

generalizations about relative risks to target species in

Chesapeake Bay 1 the anadromous fish shad herrings

striped bass yellow perch are very susceptible to some

metals and insecticides 2 blue crabs are more
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tible to insecticides than to other contaminants 3molluscs
eastern oyster hard clam soft shell clam are very

sensitive to TBT petroleum and a few insecticides 4
the bestdocumented bioaccumulative compounds for

marine and estuarine fish are PCB and PAH

HABITAT REQUIREMENTS FOR
TOXIC SUBSTANCES

The great complexity of questions of toxicity to estuarine

life along with the lack of sufficient research on toxic

effects precludes the establishment of a complete set of

critical concentrations of toxicants that will protect

populations of the target species However somesubstances
clearly are far more dangerous than othersExtreme

toxicity high usage and high potential for exposure

are three obvious criteria for giving special attention to

some substances A few pesticides eg aldrin TBT

toxaphene and metals cadmium copper and mercury

for example appear to be acutely toxic to some target

species at such extremely low concentrations that any

exposures especially of sensitive life
stages

should be

cause for concern Chemicals which are released into the

environment intentionally in large amounts eg atrazine

metolachlor and chemicals which persist for long periods

of time eg PCB PAH also pose risks to living resources

It is impossible to establish numerical habitatrequirementsfor the entire host of toxic contaminants that may

adversely affect the target species of fish and shellfish in

Chesapeake Bay It is equally impossible to evaluate even

a portion of the possible interactions that could result It

is not clear in any case how such numerical limits would

be used a monitoring program that would be effective in

detecting toxic concentrations of a large number ofcontaminantsin water and sediment in all of the habitats of

concern would be logistically and economicallyinfeasible
Only a strategy designed to minimize or eliminate

inputs of toxic substances can in the long run be effective

in protecting living resources In the shorter term a

system
of realistic assessment methods in terms ofenvironmentalrelevance and practical application should

be used to 1 identify impacted areas and 2 monitor

progress
in preventing harm from toxic contaminants to

Chesapeake Bay fish and shellfish

CONCLUSIONS

Chesapeake Bay fish and shellfish are exposed to a wide

variety of toxic contaminants These substances originate

from industrial municipal agricultural domesticatmosphericand natural geologic sources In a few cases

contaminants have been associated closely withbiological
effects lesions mortalities population effects poor

recruitment population declines not explained by other

factors or human risks unacceptable tissueconcentrations
in food species

There is a substantial but very incomplete body of data

on toxicity and exposures of target species and aconspicuousabsence of data sufficient to implicate or acquit

contaminants as causes of widespread species declines or

serious disruptions of the ecosystem There is sufficient

concern about hazards to the Bays important species to

warrant 1 acquisition of better information through

research monitoring and synthesis of existing data and

2 dedicated attention to long term reductions in the

quantities of toxic contaminants that enter the Bay from

all anthropogenic sources

RECOMMENDATIONS

Reduce contaminant loads to the Bay
Controls on point sources of toxic contaminants should

be designed to be effective in preventing chronic and

cumulative effects as well as acute toxic effects Chronic

effects are those caused by long term exposures tissue

accumulation and latent toxicity eg genetic damage
Cumulative effects result from accumulation of toxicants

in the environment and the combined effects of multiple

toxicants within a habitat

Agricultural commercial governmental and domestic

uses of chemical pesticides should be minimizedthrough

vigorous education and improved pest management

programs

Urban stormwater management programs should include

toxicity reduction as a primary goal

Atmospheric inputs of toxic substances to the Bay and its

watershed should be reduced through improved controls

on air pollution The chief concerns are metals organic

compounds PAH and acidforming substances that are

byproducts of burning fuels for power andtransportation
Atmospheric transport and deposition of pesticides

and other anthropogenic compounds are also of concern

Groundwater a significant source of fresh water to the

Bay must be protected from contamination by toxicsubstances
The relative contributions of various contaminant sources

should be estimated in order to prioritize control

measures

Improve designs capabilities and

ecological relevance of monitoring

programs
Identification of species of concern should include those

organisms which are of significant ecological importance

regardless of their direct importance to human concerns
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Toxicity measurement methods should beenvironmentallyrealistic to include the impact of synergistic chemical

and physical interactions in the ambient environment

The relationships between bioassay endpoints eg
reproduction and manifestations of ecological health

eg stock assessment should be explored to improve

the realism of environmental monitoring and to develop

appropriate field assessment techniques

simply listing chemicals and the results of some toxicity

tests The questions must be asked and addressed at the

levels of 1 the ecosystem and 2 the general problem

of anthropogenic contamination The Basinwide Toxics

Reduction Strategy2 was a significant step in this direction

A comprehensive ecological effectsoriented synthesis of

contaminants information would be another significant

advance
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Table 1 Geometric means of literature values for acute toxicity of contaminants selected from the primary and

secondary Chesapeake Bay Toxics of Concern List to Chesapeake Bay target species of fish and

shellfish All values are LC5o determinations however exposure times ranged from 48240 hours Metals

included a variety of salts eg Cl NO3 SO4 etc Life stages were pooled for calculating means All

concentrations are in tgL1 No information was found for alewife bay anchovy blueback herring or

hickory shad for these toxicants Toxics of Concern for which no toxicity information was available for

target species included alachlor metolachlor benzoaanthracene benzoapyrene chrysenefluorantheneand naphthalene

American Atlantic Spot Striped White Yellow Blue Hard Soft Eastern

shad menhaden bass perch perch crab clam clam Oyster

arsenic 20248a 750a 7500

cadmium 387 83a 1712a 1272 1672 2579

38b

chromium VI 2700 16370a 10300a 36300 75784 57000 10300

58000b

copper 610 212 54a 309 22 58 38

lead <10 2450 780 2700 2450

mercury 36 90a 85 201 400 8

zinc < 30 3800 322a 2105 190 6328 263
aldrin 32 8b 102 23 15

dieldrin 20 240 67
atrazine 8500 > 30000
chlordane 12 10 8

dimilin > 50000 260 > 1x106 > 130000
fenvalerate

> 1000

permethrin >1000

toxaphene 17 5a 12 180 < 250 23

58b

tributyltin 45 < 20 005 15
PCB 05 240 10

a
tested in fresh water

b
tested in saline water

Table 2 Geometric means of literature values for sublethal and chronic toxicity of contaminants selected from

the primary and secondary Chesapeake Bay Toxics of Concern List to Chesapeake Bay target species
of fish and shellfish End points and exposure times varied Metals included a variety of salts eg Cl
NO3 SO4 etc Life stages were pooled for calculating means All concentrations are in tgL No
information was found for alewife American shad Atlantic menhaden bay anchovy blueback herring

yellow perch or soft shell clam for these toxicants Toxics of Concern for which no toxicity information

was available for target species included arsenic alachlor dimilin fenvalerate lead metolachlor

permethrin benzoaanthracene benzoapyrene chrysene fluoranthene and naphthalene

Hickory

shad

Spot Striped

bass

White

perch

Blue

crab

Hard

clam

Eastern

Oyster

cadmium 316 2 50 39

chromium VI 100 1500

copper 50 25 50

mercury 5 10 10 14 12

zinc 430 200

aldrin 14 2025 01
dieldrin 13

atrazine >10000
chlordane 353 6

toxaphene 003 1120 40

tributyltin 9 25 08 07
PCB 16 139



EFFECTS OF CONTAMINANTS ON BIRDS
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US Fish and Wildlife Service

Patuxent Wildlife Research Center

Laurel Maryland

I
n the past organochlorine pollutants such as dieldrin

caused deaths of birds in Chesapeake BayReproductionof birds was impaired by DDE a metabolite of the

pesticide DDT Lead poisoning the result of ingestion of

spent lead shot used by hunters also may have reduced

survival The banning of the most harmful organochlorine

pesticides and the replacement of lead shot with steel shot

have reduced mortality and reproductive problems Other

pollutants such as cadmium oil and industrial chemicals

may be a problem for birds in the Bay but not enough is

known about their effects to be sure Almost certainly the

general deterioration of submerged aquatic vegetation in

the baythe result of excess nutrients suspendedsedimentsand possibly herbicideshas reduced waterbird use

of the Chesapeake Bay by reducing food resources

Recommendations include 1 developing a more complete list of contaminants in birds 2 using field and

laboratory studies to provide more information on contaminant hazards to birds and 3 determining how

much of a reduction in water turbidity nutrients herbicides and other pollutants will be needed for the

recovery of submerged aquatic vegetation and other foods

INTRODUCTION

Industry agriculture and dense urbanization all press

against the shores of Chesapeake Bay Not surprisingly

many pollutants enter the Bay These includeagrochemicalssuch as insecticides herbicides and fertilizers as well

as contaminants from industrial and urban sources such

as oil highway runoff chemical reagents and chemicals

used on lawns Municipal wastewater often carrieschlorineand metals such as chromium mercury lead copper

and cadmium into the Bay Because these contaminants

often bioaccumulate in the food chain they may have

direct or indirect effects on many species of birds that use

the Bay including ospreys bald eagles heronswaterfowlwading birds and shorebirds Pollution abatement

in the Chesapeake Bay represents a challenge because of

the rapid population growth in the surrounding region

BACKGROUND

By reducing survival and reproductive success various

environmental contaminants have adversely affected

populations of birds in Chesapeake Bay The majorclassesof contaminants of concern are organochlorinesmetalsoil cholinesterase inhibiting pesticides andherbicides
Organochlorines include polychlorinated

biphenyls PCBs and pesticides such as dieldrin kepone
and DDT and its metabolite DDE The primarymetals of

concern are lead and cadmium Both organophosphorus

and carbamate pesticides such as Abate and carbofuran

are cholinesterase inhibitors

In this chapter we provide a general overview of effects

of contaminants on birds in the Chesapeake Bay region

give detailed accounts of effects on several important

species and make recommendations for research oncontaminant
effects

There is little doubt that in the past organochlorinepesticidesand possibly other contaminants have killed adults

and caused reproductive impairment in waterbirds in

Chesapeake Bay
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Mortality
Dieldrin has been identified as a cause of death for several

species of birds in the Chesapeake Bay region Cattle

egrets found dead in 1978 near Bozman in Talbot County

Maryland and great blue herons one from nearJamestown
Virginia in 1970 and another from Mason Neck

National Wildlife Refuge Virginia in 1974 were listed as

cases of possible dieldrin poisoning31 A series of
papers

that reported pesticide residues in bald eagles listed

dieldrin as the likely cause of death of five bald eagles in

the Chesapeake Bay 682227374142 Because it is difficult

to

find birds killed by environmental contaminants and there

is no official reporting process it is likely that many more

birds died from contaminants than were reported

Impaired Reproduction
Organochlorine pesticides have probably had a greater

effect on reproduction of birds than on adult survival

DDE was largely responsible for the decline inreproductionof bald eagles in the Bay into the 1970s In anationwide
survey the highest levels of most organochlorines

were recorded in bald eagle eggs from the Chesapeake

Bay55 Likewise osprey numbers began to decline in the

Bay in the 1950s and did not begin to increase until the

early 1970s320383952 Organochlorine pesticidesespeciallyDDE were believed responsible for population

declines of preys in the Ba 1753

An estimated 15 of the barn owl population nesting in

offshore duck blinds on the Maryland side of the lower

Potomac River in 1972 and 1973 contained levels oforganochlorines
mostly DDE and dieldrin which may have

been high enough to harm their reproduction23 DDE also

may have impaired the reproductive success of black

ducks on the East Coast in the late 1950s and into the

1960s The more heavily contaminated areas were New

York NewJersey and Massachusetts but effects inChesapeakeBay in the 1950s cannot be ruled out26 The

reproduction of other species that were not studied also

may have been harmed by DDE

Other contaminants may have harmed avian reproduction

in the bay but their effects may have gone unnoticed

Kepone manufactured at Hopewell Virginia and

dumped into the James River during production is an

example Contamination of the tidal portion of the river

was so severe that all shellfishing and finfishing was

banned for several years Kepone residues ranged from

2436 mg kg on a wetweight basis in the livers of great

blue herons collected from Hog Island Wildlife Refuge in

1976 and 197721 Kepone was also elevated in the tissues

and
eggs

of some bald eagles especially those collected

near the James River in the 1970s444655 Based oncircumstantial
evidence the loss of all breeding pairs of bald

eagles from the James River for a period of years might

have been related in part to kepone contamination A few

osprey eggs from areas near the James River contained

elevated kepone levels4453 Unfortunately there have

been no laboratory or field studies to aid in theinterpretation
of these keponeresidues

Oil

Several accidents during the transport of oil have released

this contaminant into Chesapeake Bay34 The birds most

likely to be exposed to oil include various species of

waterfowl grebes and loons but a variety of other

species including bald eagles and ospreys may also be

exposed235 Oiling of plumage may result in death from

exposure and drowning whereas ingestion of oilgenerallycauses sublethal physiological effects An additional

danger is

the transfer of small amounts of oil from

plumage to eggs where it may be lethal to embryos2

Lighter refined petroleum products such as No 2 fuel oil

and gasoline are far more toxic than heavier products such

as bunker C Nonpoint sources of oil pollution from

boating activities and urban runoff are probably greater

than point sources such as spills Damage and disturbance

of bird habitats by oil pollution may cause displacement

of populations and reductions of important foods2

EFFECTS ON KEY SPECIES

Bald Eagle
Exposure to organochlorine pesticides from agriculture

and mosquito control was the primary cause for the

decline of the bald eagle in Chesapeake Bay in the 1950s

into the 1970s Dieldrin caused direct mortality of adult

bald eagles and DDE profoundly reduced reproductive

success Survival and successful reproduction of bald

eagles in Chesapeake Bay requires that eggs contain no

more than an average of 2 ppm DDE 03 ppm dieldrin or

5 ppm PCBs on a wetweight basis Bald eagle eggs
collected after they failed to hatch from Chesapeake Bay

nests during the 1970s contained mean concentrations of

about 10 ppm DDE 1 ppm dieldrin and 25 ppm PCBs
plus other organochlorine pesticides and theirmetabolitesThe concentrations in eggs during 197379 were

among the highest for any bald eagle population in the

United States DDE dieldrin and PCBs were thechemicalsof greatest concern for reproduction

Concentrations were significantly lower in 198084 about
45 ppm DDE 03 ppm dieldrin and 15 ppm PCBs than

in 197379 During the later period the population began

to increase and reproductive success returned to normal

Elevated DDE residues > 4 mg kg in bald eagle eggs

have been most closely related to poor production of

young and eggshell thinning The presence of PCBs and

other contaminants also has been associated with poor

reproduction and eggshell thinning but theseassociations
are probably due to the fact that where DDE is high

these other chemicals are also high54s5
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Tissues of bald eagles found dead in the Chesapeake Bay

region have been analyzed for organochlorine pesticides

and PCBs In the early 1970s the brains of a few eagles

had lethal or highly elevated concentrations > 4 mg kg 1

of dieldrin but concentrations rapidly declinedthereafter68222737424647

Metals do not seem to have been involved in the decline

of bald eagles in Chesapeake Bay Mercury residues in

eggs were about onetenth of the residues associated with

reductions in reproductive success in other species5455

Four bald eagles from the greater Chesapeake Bay region

are known to have died of lead poisoning although three

were found dead far from the Bay47 High leadconcentrations
in eagles 210 mg kg1 wet weight in the liver is an

indication of lead poisoning are from ingestion of lead

pellets in prey primarily waterfowl that were killed or

crippled by hunters and not from contamination of the

environment from other sources32

Other contaminants such as carbamate andorganophosphorus
pesticides have been implicated in the mortality

of bald eagles in the Chesapeake Bay region47 However
these pesticides did not reach the eagles through the

aquatic food chain but from consumption of illegal

poisoned baits or terrestrial animals that had acquired

these pesticides from illegal baits or pesticide use in

normal agricultural practice Excessive mortality from

these chemicals may have slowed recovery of thepopulation
Restrictions on the use of some chemicals such as

carbofuran may prove beneficial to bald eagles and other

species

Osprey
Reproductive success of the osprey population inChesapeake

Bay was reduced by the adverse effects of or

ganochlorine pesticides primarily DDE However the

harm was generally far less serious to ospreys than to bald

eagles Direct mortality from agricultural chemicals was

not detected

Osprey eggs from several areas around the Bay in the

1960s and 1970s contained about 3 mg kg
1 DDE 310

mg kg
1 PCBs and several other organochlorine pesticides

at lower concentrations 135
Eggshell thinning in some

samples approached levels > 15 that have beenassociatedwith egg breakage and subsequent poor

reproduction and population declines4°2453 Among the

contaminants in osprey eggs DDE has been most closely

associated with eggshell thinning and was apparently

responsible for impaired reproduction53 Although in eggs

concentrations of PCBs generally exceeded those of DDE
PCBs were not associated with adverse effects on shell

thickness and production of young Trends inorganochlorineconcentrations in eggs have been variable

but levels in general have been stable or declining553

During the 1970s and early 1980s concentrations of o
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pesticides generally declined in tissues of

dead
ospreys in the Bay during the 1970s and early 1980s

but PCB concentrations remained unchanged57

Various elements including chromium copper zincarseniccadmium mercury and lead do not seem to have

had an adverse effect on ospreys in Chesapeake Bay
Concentrations in tissues of birds found dead around the

bay were generally normal5657 Although few data are

available on the synergistic effects among differentelementswe believe that harmful synergistic effects on birds

are unlikely at the levels of these elements in the Bay

Canvasback

Although our knowledge of the effects of variouscontaminantsespecially metals on canvasbacks isincompletethere is no evidence to date that canvasbacks have

suffered direct toxic effects from any environmentalcontaminants
in the Chesapeake Bay although indirecteffects

through depletion of submerged aquatic vegetation

may have occurred

Except for seaducks canvasbacks had the highest levels

of cadmium in liver and among the highest of all ducks in

kidney Lead in contrast was not especially high incanvasbacks
compared with dabbling ducks and seaducks

Zinc and copper concentrations were not especiallydifferent
in canvasbacks than in other ducks and were not

considered harmful1 Cadmium concentrations incanvasbackswere generally below concentrations found in a

laboratory study on mallards to be associated with lesions

in kidneys49 However a small percentage of canvasback

livers had greater than 7 mg kg
1 cadmium a levelassociated

with changes in energy metabolism in mallards10

Lead in foods might be a greater source of lead forcanvasbacksthan lead shot From a study of lead levels in

blood and a blood enzyme assay to estimate exposure of

canvasbacks in Chesapeake Bay to lead Dieter9concludedthat foods were more of a cause of elevated lead

than the ingestion of lead shot The recent switch in the

diet of canvasbacks from submerged aquatic vegetation

to clams was not believed to increase exposure to lead or

cadmium In fact the levels of both metals were generally

higher in plants than in clams12

Organochlorine pesticide and PCB levels in canvasbacks

in Chesapeake Bay in 1973 and 1975 were believed to be

in a safe range
when compared with levels known to harm

survival and reproduction51

Organochlorine and mercury levels in canvasback
eggs

from the prairie pothole region of the United States and

Canada in 1972 and 1973 were generally belowconcentrationsbelieved to affect reproduction45 Although

canvasbacks do not nest in Chesapeake Bay mercury and

many organochlorines are eliminated slowly from the

body and therefore levels of these substances in eggs
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would reflect exposure not only on the breeding ground

but on the wintering ground as well

Physiological and other sublethal effects of contaminants

could indirectly alter survival or reproduction incanvasbacksFor example lighterweight canvasbacks on

Chesapeake Bay were shown to have lower overwinter

and annual survival probabilities
16 However the most

likely reason canvasbacks might be underweight is not a

toxic effect of contaminants on the birds but reductions in

the abundance of submerged aquatic vegetation in the

Bay and even this more likely connection has not been

proven Reductions in aquatic plants are probably due to

contaminants as well but such effects on the health of

canvasbacks would be indirect The question of whether

cadmium is altering the energy metabolism of a small

percentage of canvasbacks remains unanswered

American Black Duck
Apart from lead shot poisoning which should decrease

with the replacement of lead shot with steel shotcontaminantsdo not seem to be a threat to black ducks in

Chesapeake Bay This conclusion is tempered by the lack

of a complete inventory of contaminants and their effects

on waterfowl in the Bay

Lead concentrations generally have been higher in black

ducks and other dabbling ducks than in seaducks and

diving ducks a fact attributable to the higher densities of

spent shot in areas inhabited by dabbling ducks Incontrast
to canvasbacks accumulation of lead through the

food chain was not considered as large a source as lead

shot for black ducks Cadmium zinc and copper in black

ducks were below levels believed to be harmful to birds11

Measurements of organochlorines in black ducks from

Chesapeake Bay date back to a survey of eggs in 196440

Compared with DDE levels in eggs of black ducks from

states such as New York New Jersey and Massachusetts

eggs of black ducks from Chesapeake Bay were fairly

clean Coupled with the results of subsequent surveys in

1971 and 1978 these findings indicate that organochlorine

pesticides or PCBs probably did not pose a hazard to black

ducks at least not since the egg surveys began and these

chemicals are even less likely to be a problem today
172540

Black ducks in Chesapeake Bay were also part of the duck

wing monitoring program for pesticides and PCBs that

was started in 1965 and lasted into the 1980s Because

pools of wings fromMaryland and Virginia were analyzed

origins of specific wings could not be identified but it is

reasonable to assume that many came from Chesapeake

Bay As with the black duck egg surveys the wing surveys

showed that black ducks from the Chesapeake Bay area

contained lower levels of most organochlorine pesticides

and PCBs than black ducks from states such asMassachusettsNew York and New Jersey Moreover o
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pesticides and PCBs have steadily declined

in black duck wings from the Chesapeake Bay
area71819364850

Wood Duck
Information on concentrations and effects ofenvironmentalcontaminants on wood ducks in Chesapeake Bay is

scarce However much of the information listed in the

sections on other ducks is applicable to some extent to

wood ducks

Concentrations of several metals were measured in

wintering wood ducks collected primarily from fresh

water marshes bordering tributaries of rivers entering

Chesapeake Bay Concentrations of metals were lower

than or about equal to levels in other ducks from the Bay

except for lead which was higher in wood ducks Lead

was the only metal in wood ducks considered high

enough to be associated with sublethal effects such as

physiological changes For wood ducks and other species

of dabbling ducks mallards black ducks and pintails

ingestion of lead shot was considered the probable cause

of elevated lead in liver Lead through the food chain was

not considered to pose a significant hazard1143

Redhead
We found no publications describing contaminant levels

in redheads from Chesapeake Bay but the information

presented for other diving ducks is generally applicable

to this species

Wading Birds
There is too little information on contaminant levels and

effects in wading birds in Chesapeake Bay to make a clear

assessment of possible adverse effects A survey of PCBs

and organochlorine pesticides in the brains and carcasses

of wading birds found dead in Chesapeake Bay and its

tributaries was conducted in the late 1960s and 1970s

Except for two great blue herons in which dieldrin levels

in the brain were in a potentially dangerous rangeconcentrationsof PCBs and pesticides in several great blue

herons greenbacked herons and snowy egrets were too

low to have been the cause of death Two cattle egrets

were reported to have died of dieldrin poisoning31 In the

early 1970s residues of PCBs and organochlorinepesticides

in the eggs of greenbacked herons and cattle

egrets from the Potomac River were below levels believed

to affect reproduction30

RECOMMENDATIONS

Apart from isolated examples of possible continuingeffectsof contaminants on individual species of birds there

is little evidence suggesting that contaminants inChesapeakeBay are currently posing a serious hazard to birds

from direct toxicity Nevertheless monitoring ofcontaminants
in waterbirds should continue especially in the
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most contaminated areas of the Bay The direct effects of

these contaminants on birds is probably less important

than the indirect effects on habitat by excess nutrients

suspended sediments and possibly herbicides The loss

of submerged aquatic vegetation in the Bay is perhaps the

best example of an indirect effect of pollutants onwaterfowlabundance and distribution

Others have come to much the same conclusion In a

review of organochlorine pollutants and birds inChesapeakeBay Ohlendorf28 advised In the Chesapeake Bay

attention should be focused on fisheating birds primarily

bald eagles and ospreys but it is unlikely thatorganochlorineswill represent a serious threat to these

species or others of the Chesapeake Bay region In

another review paper dealing with continuingorganochlorine
pesticide and PCB problems in the 1980sFleminget al14 listed many potential problems across the

United States but none in the Chesapeake Bay

Perry33 concluded Although some of the studies ofpollutants
in Chesapeake Bay waterfowl have shown some

cause for concern in general pollutants in tissue and eggs
of waterfowl are below levels normally considered to

cause adverse effects Monitoring of contaminants in

waterfowl should continue especially in the mostcontaminated
areas of the Bay but the direct impact of these

pollutants on birds is probably less important than the

indirect effects on waterfowl habitat from pollutants such

as nutrients suspended sediments and perhapsherbicides
In the most recent review of contaminant effects on birds

in Chesapeake Bay Ohlendorf and Fleming29 stated In

the Chesapeake Bay high levels of cadmium and lead in

seaducks lead in dabbling ducks and DDE in some

ospreys and bald eagles are the current avian contaminant

issues

Needed Research on Direct Effects on
Species
Two kinds of research on direct effects are neededadditional

field sampling to arrive at a more complete list of

contaminants and research on the effects of certainalreadyknown contaminants such as lead and cadmium
on the health and reproductive success of birds

Contaminants such as selenium have not been adequately

assessed in birds or their eggs Possible sources ofselenium
in Chesapeake Bay such as coalfired electrical

generating plants and selenium from bay sedimentsdeserve
study The documented severe effects of selenium

on survival and reproduction of birds in California and its

discovery at elevated levels in San Francisco Bay suggest

that this element should be measured in at least a few

species from Chesapeake Bay Selenium was found at

high levels in fish from the James River near the C
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coalfired power plant an area frequently used by

ospreys bald eagles and many herons and egretspersonalcommunication Dan Audet

Other elements and organic compounds especially when

already known to occur at elevated levels in plants or

animals eaten by birds should be measured inrepresentativebirds When new contaminants are discovered

at elevated levels and information does not already exist

on their toxicity to birds laboratory and field research

should be initiated In some cases laboratory tests may
suffice to determine tissue and egg residues associated

with effects on health survival and reproduction When

residues seem to be in a dangerous range field research

should be conducted to relate residues to the reproductive

success of species that nest in the Bay

With the replacement of lead shot with steel shot lead

poisoning in puddle ducks should decrease soon But the

significance of lead derived through the food chain by

canvasbacks and seaducks needs continued study The

effects of high cadmium residues in seaducks areunknownresearch is needed to determine potential effects

on health and reproduction

Abate is an organophosphorus pesticide used as amosquitolarvicide in marshes bordering the Bay Although it

has a short halflife and a comparatively low toxicity to

birds it caused a surprising degree of reproductiveimpairmentwhen fed to breeding adult mallards and their young

at 1 ppm on a dryweight basis in a laboratory study5

There appears to be an unidentified detrimental effect of

Abate on ducklings or on maternal behavior Additional

field and laboratory research is needed to confirm the

results of the original reproductive study and to determine

why the ducklings died

An expanding colony of blackcrowned night herons

nests in the Patapsco River estuary of the heavilycontaminatedBaltimore Harbor 13 These herons feed in some

of the most industrialized parts of the harbor I
f afisheating

species of bird were to be affected by contaminants

somewhere in Chesapeake Bay it might be these herons

Contaminants and their effects on these herons need to

be identified Considerable nationwide research has

already been conducted to determine how theblackcrowned
night heron can be used in a monitoringprogramto measure contaminant levels and effects inestuaries

Research on this colony in Chesapeake Bay may fit

into this program

Another potential area of research relates to theconstructionof storm water retention ponds and other wetlands in

urban areas These manmade wetlands are used topreventsediments and chemical pollutants from reaching

Chesapeake Bay and other estuaries When properly

designed these wetlands attract many kinds of birds The
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benefits of a reduction in contaminants enteringChesapeakeBay may be offset by an increase in contaminants

in many of these small urban wetlands

Needed Research on Indirect Effects on
Food
Indirect toxic effects are defined as those that limit the

availability of food or cover for birds In Chesapeake Bay
effects on foods are probably more important

than effects

on cover and could indirectly affect the health survival

or reproduction of birds Indirect effects may prove more

harmful than direct toxic effects on birds in Chesapeake Bay

The reduction in submerged aquatic vegetation in parts of

Chesapeake Bay is potentially the most importantpollutioninduced
change in foods for birds such as waterfowl

Although the canvasback has adapted to a loss ofsubmerged
aquatic vegetation by switching its diet from

vegetation to mollusks the consequences of this switch

are not fully known33 For other species such as the

redhead duck which is less capable of switching its diet

the loss of submerged aquatic plants has no doubt resulted

in great reductions in the winter carrying capacity of the

Bay The same problems might be expected for fisheating

birds or birds relying on invertebrates in areas where these

foods have been affected by pollution however in most

cases these relationships have not been demonstrated

When the abundance and distribution of food changes

because of pollutants the abundance and distribution of

birds should change in response However the research

needed to demonstrate this connection and what actions

are required for foods to recover is difficult to conduct

Part of the difficulty is that many birds that winter in

Chesapeake Bay breed elsewhere where other problems

such as the effect of drought on waterfowl may also

influence bird abundance Even if most of a species

problems were caused by pollution of Chesapeake Bay

it would be difficult to design research with proper control

areas and with populations resident long enough incontrol
or polluted areas to make good comparisonsNeverthelessvarious kinds of innovative research should be

started to show the connection betweenpollutantinduced
changes in food abundance and effects on birds

Among the kinds of innovative research needed are

studies that show how much of a reduction in water

turbidity nutrient loading herbicide runoff and other

contaminant effects on food bases is needed for foods to

recover Also when foods recover will bird numbers

increase in that area or will other factors some removed

from Chesapeake Bay keep bird numbers where they are

Much more needs to be learned about how the health of

birds may be affected by shortages and changes in kinds

of foods For example is the health and survival ofwinteringwaterfowl affected by a change from the traditional

diet or by less available food Is reproductive success

impaired by poor winter nutrition Do dietary shortages

make birds more susceptible to hunting disease or

predation Are birds that traditionally wintered inChesapeakeBay shifting their wintering grounds elsewhere

In addition it is unknown how food items and birds will

change in response to cleanup efforts in the Bay I
f

contaminated sediments are preventing invertebrates or

plants from living in certain areas how quickly will these

foods return if sediments are removed or covered by clean

sediments How quickly will the birds return Someresearch

is needed in which sediments in at least small areas

are restored to a clean state and the recovery of plant and

animal life followed

The same is true of research on water quality Can an

experiment be conducted in which water quality in at least

a small area is improved to see how quickly plant and

animal life recovers Such research might include the use

of exclosures to keep suspended sediments out as well

as means to filter and purify incoming water Research

could also include the seeding of cleaned areas with

plants and invertebrates to compare recovery rates to

those in unseeded areas

At the very least plant and animal recoveries and bird

use should be followed in areas that naturally recover as

pollution control in the Bay proceeds Ideally acoordinated
laboratory and field research effort on indirect

contaminant effects on birds should be initiated as soon

as possible to guide recovery efforts

CONCLUSION

Although organochlorine pesticides and perhaps PCBs
affected birds in Chesapeake Bay in the past there is little

evidence indicating they are still causing great harm

Certain metals such as lead and cadmium may be a

problem for canvasbacks and other ducks but moreresearchon effects is needed A search for othercontaminantssuch as selenium and industrial pollutants is

warranted in birds The most harmful contaminant effects

may be indirect ones on food supplies such as thereduction
in submerged aquatic vegetation caused largely by

water turbidity Research on contaminant effects on avian

foods should guide and accompany recovery efforts on

Chesapeake Bay
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GLOSSARY

Acanthocephalan any of the invertebrate phylum
Acanthocephala a group of small parasitic wormlike

acoelomates

Acetylcholinesterase a membranebound enzyme
which plays an important role in the transmission of nerve

impulses

Acidic hydrogen containing molecules or ions able to

give up a proton H+ to a base having a pH less than 7
compare basic and pH

Alimentary the tubular passage from the mouth to the

anus which functions in digestion absorption and

elimination of unabsorbed nutrients

Alkaline a hydroxide which when dissolved in water

forms a basic solution containing hydroxide ions OH
having a pH greater than 7

Ambient an encompassing atmosphere characterizing

the surrounding environment

Ammonia NH3 a nitrogenous waste product of cellular

metabolism an alkaline compound which is highly

soluble in water forming ammonium ions NH4 toxic in

high concentrations

Bioaccumulation within an organism the increase over

time in the concentration of substances not easilyexcreted

ormetabolized eg pesticides and heavy metals acquired

principally through foods eaten

Blastula the stage of embryonic developmentcharacterized
by a hollow ball of cells with walls only one cell

layer thick produced as a result of the cleavage of an

ovum

BOD Biological Oxygen Demand a measurement of

the amount of oxygen needed by aerobic biological

processes that break down organic matter in water

Brood to hatch to produce by incubation a set of

offspring produced at the same birth or from the same set

of eggs

Browser a terrestrial animal that eats twigs or shoots

with or without attached leaves

Calanoid a freeliving largely planktonic copepod of

the order Calanoida

Calorie the quantity of heat
necessary to raise the

temperature of one gram of pure water one degreeCelsiusa unit measure of energy value of food

Amphipod a small crustacean of the phylumArthropodawith a laterally compressed body and sessile eyes

if present Most species are marine although somefreshwater
terrestrial and parasitic forms exist

Anadromous pertaining to fishes that move from their

primary habitats in the oceans to freshwater rivers and

streams to spawn compare catadromous

Anhydrase enzyme involved in securing oxygen and

carbon dioxide from the blood to be used in respiration

Anoxia the absence of oxygen in aquatic systems the

lack of dissolved oxygen available to organisms for

aerobic respiration generally < 05 mgL1 compare
hypoxia

Basic having a pH greater than 7 compare alkaline

Basophil a type of white blood cell characterized by the

coarse granules it contains has an important role in

fighting infection

Benthos
collectively all organisms living in on or near

the bottom substrate in aquatic habitats adj benthic

Catadromous pertaining to fishes that move from their

primary habitats in fresh water to the oceans to spawn
eg eels

Catalase an enzyme present in cells which catalyzes the

decomposition of hydrogen peroxide H202 to

molecular oxygen 02and water H20

Caudal
pertaining to the tail

Chironomid an insect of the family Chironomidae of

the order Diptera the flies Larvae of most species are

aquatic adults are softbodied and winged known as the

midges

Cladoceran any of the group of small crustaceans of the

class Brachiopoda Known as water fleas almost all

species inhabit freshwater often represented by the genus

Daphnia

Clutch the aggregate of the eggs or young of birds

Coleopteran any of the insect order Coleoptera the

beetles



Compensation Depth the depth at which the amount

of oxygen a plant produces through photosynthesis

equals the amount of oxygen needed for respiration

Below this depth a photosynthetic cell cannot survive

because there is not enough light for it to produce as much

energy as it requires for its own respiration

Coniferous conebearing vascular plant

Copepod a subclass of the class Crustacea Most are

planktonic where they form an important food for higher

trophic levels such as fish Some are parasitic

Cultch hard substrate for larval spat oysters to attach

to and mature often other oyster shells

Cyclopoid a copepod belonging to the class

Cyclopoida includes benthic and planktonic members

living in both fresh and salt water Many are parasitic

Deciduous perennial plants that shed leaves before

winter cold

Dehydrogenase an enzyme which catalyzes theoxidationof a certain substance causing it to give up hydrogen

Demersal living on or near the bottom of a body of

water midwater and bottomliving fish as opposed to

surface fish and shellfish

Detritus loose organic material formed fromdecomposingorganisms a primaryfood source for some organisms

Diatoms a unicellular form of algae in the class

Bacillariophyceaeof the division Chrysophyta They aregoldenbrown
in color with silicon dioxide cell wallsCommonbenthic and planktonic forms in marine and

freshwater systems Important primaryproducersprovidinga potential food source to higher trophic levels

Dioecious male and female sexes manifested in

separate individuals compare monoecious

Dissolved Oxygen DO free oxygen available toorganismsand chemical processes in an aquaticenvironment
expressed as milligramsper liter mgL1 parts per

million ppm or percent saturation

Dorsal belonging to or situated near the back of an

animal or one of its parts Compare ventral

EC5o Median Effective Concentration theconcentration
of a substance in an environment which

produces sublethal responses in fifty percent of a

specified population of test organisms

Entrainment to draw in and transport by the flow of a

fluid

Eutrophication the
process by which a body of water

becomes rich in dissolved nutrients often leading toexcessive
algal growth increased metabolism low dissolved

oxygen and changes in community composition

Extruded pushed out by force

Fecundity the number of young produced by a species

or individual

Fingerling a young fish from two weeks after the

absorption of the yolk sac to one year of age

Fledgling a young bird capable of leaving the nest and

surviving

Gametogenesis the process of forming gametes such as

egg and sperm

Gastrulation the stage of development in which the

single cell layered blastula becomes a three cell layered

embryo compare blastula

Genotype the sum total of genetic information within

an organism regardless of its appearance or phenotype

Grazer an organism which feeds on growing herbage

attached algae or phytoplankton herbivore

Guano the excrement of seafowl high in phosphorus

and nitrogen

Hardness the condition of water characterized by the

presence of dissolved calcium or magnesium saltsexpressedin mgL1

Hematocrit an instrument for determining the relative

amounts of plasma and corpuscles in blood

Histology the science of the detailed structure of plant

and animal tissues and organs

Hydrocarbons a general term for organic compounds

containing only hydrogen and carbon

Hydrology the study of water including rain snow and

water on and within the earths surface concerning its

properties distribution and utilization

Hymenopteran any insect of the order Hymenoptera

including wasps bees and ants



Hypereutrophy the condition of a body of water

having excess nutrients compare eutrophication

Hypoxia the condition of low dissolved oxygen in

aquatic systems typically with a concentration < 2 mgL1
but > 05 mgL1

Impingement refers to fish being trapped against

screens in the gates of a dam or power plant intake by

rushing water

Interspecific refers to relations or conditions between

different species

Intraspecific refers to relations or conditions between

individuals within the same species

Isopod a small crustacean of the phylum Arthropoda

usually dorsoventrally flattened with sessile eyes they

show a great variety of form size and habit Most are

marine but some are freshwater or terrestrial also some

isopods are parasitic

Juvenile a physiologically or sexually immatureindividual
Juvenile Index an estimate of the size of a juvenile

population

kcal Kilocalorie onethousand calories compare
calorie

LC50 Median Lethal Concentration theconcentrationof a substance
necessary in an environment to

produce death among fifty percent of a specifiedpopulationof test organisms

LD50 Median Lethal Dose the amount of a substance

necessary in an environment to produce death among fifty

percent of a specified population of test organisms

Limnetic Zone the area between the surface andcompensationdepth the lighted zone of the water column

Littoral Zone the area between high and low water the

intertidal zone

Mallophaga a suborder of insects containing biting lice

usually skin parasites of birds

Megalopa the last larval stage of crabs which settles to

the bottom and metamorphoses into a juvenile

Meristic segmented divided into parts

Mesohaline the region of moderately saline water

generally eight to fifteen parts per thousand

Monoecious having male and female sex organs in one

organism hermaphroditic

Monomeric derived from one part

Monomorphic an organism developing with no or very
little changes during its life history

Moribund in the process of dying a state of suspended

activity or growth

Morphology the study of form and structure oforganismsas opposed to their function

Morphometry the study of the structural measurements

of a lake and its basin

mtDNA mitochondrial deoxyribonucleic acid DNA
found in the cellular organelle called the mitochondria

Myotome a muscular segment of
primitive vertebrates

and segmented invertebrates

Nauplii the freeswimming first larval stage of

copepods

Nekton pelagic animals capable of swimming with a

directed velocity as opposed to plankton

Nematode a worm in the class Nematoda of the phylum

Aschelminths small unsegmented with an elongated

body pointed at both ends found in terrestrial fresh

water and marine systems Most species are freeliving

in aquatic sediments and in soil Parasitic speciescompriseone of the most important parasitic animal groups

Neutrophil a white blood corpuscle whose granules

stain only with neutral stains

Nitrate an anion form of nitrogen and oxygen NO3
generally the primary inorganic form of nitrogen in

aquatic systems which is readily available to plants as a

nutrient

Oligohaline the
region of low salinity water generally

with salinity of 05 to 50 parts per thousand

Ontogenetic relating to the history of growth and

development of an individual

Organochlorine any of the group of chlorinated

hydrocarbon pesticides such as DDT and dieldrin



Otolith a calcareous concretion in the internal ear of a

vertebrate

Pectoral in or about the chest region of vertebrates

Pelagic pertaining to open waters or the organisms

which inhabit these waters the region of the open sea

extending from the surface to the depth of lightpenetrationcompare littoral

Perivitelline pertaining to the substance or areasurroundingthe yolk of an egg

pH a logarithmic index of hydrogen ion H+concentrationin water expressed within a range of 0 to 14 where

values less than 7 are considered acidic and values greater

than 7 are considered alkaline the value 7 is neutral

Phenotype the physical appearance of an organism

resulting from the interaction of its genetic constitution

and environmental influences

Phytoplankton the freefloating or weakly motile

group of aquatic unicellular plants the photosynthetic

members of plankton

Piscivorous preying upon fish fisheating

Plankton those organisms freefloating or drifting in

open water having their movements determined by the

motion of the water extremely important food source for

many animals

Pochard any of the diving ducks of the genus Aythya

with large heads and feet and legs placed far back on their

body

Polychaete a class of Annelida chiefly marine worms
characterized by a cylindrical body form pairedappendagesand segmentation Both mobile errant and

sessile forms exist In marine systems they are mostly

benthic living in the sediment or substrate

Polyhaline the region of high salinity water generally

with salinity of eighteen to thirty parts per thousand

Primary Production the mass of plant material

produced per unit area

Pterygiophore a cartilaginous ray in the fin of a fish

Rheotactic refers to movement against a current

Riparian relating to the bank or shoreline of a body of

water

Rotifer a small aquatic
animal of the phylum Rotifera

with circles of cilia at the anterior end The majority of

species inhabit fresh water

Salinity the amount of dissolved salts in water primarily

sodium chloride NaCl Expressed as the number of

grams per 1000 grams of water but generally as parts per

thousand ppt

Siltation the deposition or accumulation of silt

Silviculture an area of forestry which deals withestablishmentdevelopment reproduction and management of

forest trees

Softness a condition of water characterized by the

absence of dissolved calcium and magnesium salts

Substrate surface or medium in or on which anorganismlives

Synergistic the quality of two or more distinct agents to

interact such that the total effect is greater
than the sum of

the individual effects

Teleost any member of a group of fish with bony rather

than cartilaginous skeletons which includes almost all

fish

Thrombocyte in nonmammalian vertebrates spindle

shaped cells involved in blood clotting

Trematode any of the class Trematoda of the Phylum

Platyhelminthes the flatworms all members are

parasitic commonly referred to as flukes

Tricopteran any of the insect order Tricopteracommonlycalled caddisflies their larvae are aquatic

Trochophore the freeswimming pelagic larval form of

many annelids and some mollusks

Trophic Level broad class of an ecosystem in which all

organisms procure food in the same general manner The

first trophic level is green plants the second level is

herbivores and the third level is the carnivores that eat the

herbivores

Turbidity a measure of water opaqueness measured as

suspended solids per liter of water mgL1 TSS or Secci

disc depth in meters m
Veliger the second pelagic larval stage of somemollusks



Ventral belonging to or situated near or on the anterior

or lower surface of an animal that is opposite the back

Viscera the organs contained within a body cavity

Year Class a group of animals born during a particular

year primarily used for fish

Young ofYear an animal born in the present year

Zoea an early planktonic larval stage
of crabs and

shrimp

Zooplankton the group of floating or weaklyswimminganimals transported by water motion abundant

food source for many aquatic species



COMMON AND SCIENTIFIC NAMES OF
ORGANISMS MENTIONED IN THIS REPORT

PLANTS

ALGAE

Hollow green seaweed Enteromorpha spp Sea lettuce Ulva lactuca

SUBMERGED AQUATIC VEGETATION

Eelgrass Zostera marina Ribbonleaf pondweed Potamogeton epihydrus

Grassleaf pondweed Potamogetonpusillus Sago pondeweed Potamogetonpectinatus

Horned pondweed Zannichellia palustris Shoal grass
Halodule beaudettei

Muskgrass Chara spp Southern naiad Najas guadalupensis

Naiad Najas spp Water milfoil Myriophyllumspp

Nutall waterweed Elodea nuttallii Waterweed Elodea canadensis

Pondweed Potamogeton spp Widgeon grass Ruppia maritima

Redhead grass Potamogetonperfoliatus
Wild celery Vallisneria americana

EMERGENT PLANTS

Arrowarum Peltandra virginica Giant burreed Sparganium eurycarpum

Arrowleaf tearthumb Polygonum sagittatum Halberdleaf tearthumb Polygonum arifolium

Bulrush Scirpus spp Needle rush juncus roemerianus

Bulrush hardstem Scirpus acutus Pickerelweed Pontederia cordata

Bulrush olney Scirpus olneyi Saltmarsh cordgrass Spartina alternlora

Bulrush river Scirpus fluviatilis Saltmeadow hay Spartina patens

Burreed Sparganium spp Sedges Carex spp

Buttonbush Cephalanthus occidentalis Spatterdock Nupbar advena

Common reed Phragmites communis Stiff arrowhead Sagittaria rigida

Common threesquare Scirpus americanus Smartweeds Polygonum spp

Cordgrass Spartina spp Twigrush Cladium mariscoides

Cattail Typha spp Waterlily Nymphaea spp

Delta duck potato Sagittariaplatyphylla Waterlily banana Nymphaea mexicana

Dotted smartweed Polygonum punctatum Wild rice Zizania aquatica

Duckweeds Lemna spp

SHRUBS

Swamp privet
Forestiera acuminata Hightide bush Ivafrutescens

TREES

Ash Fraxinus spp Hornbeam Ostrya virginiana

Bald Cypress Taxodium distichum Ironwood Carpinus caroliniana

Beech Fagus grandifolia Maple red Acer rubrum

Bitternut Carya cordiformis Maple silver Acer saccharinum

Cherry black Prunus serotina North American tuliptree Liriodendron tulipifera

Elm American Ulmus americana Oak Quercus spp

Gum black Nyssa sylvatica Oak chestnut Quercusprinus

Gum sweet Liquidambarstyracfua Oak northern red Quercus rubra

Hickory water Carya aquatica Oak Nuttalls Quercus nuttallii



Oak pin Quercuspalustris Pine loblolly Pinus taeda

Oak southern red Quercusfalcata Pine shordeaf Pinus echinata

Oak swamp white Quercus bicolor Pine Virginia Pinus virginica

Oak water Quercus nigra Sycamore Platanus occidentalis

Oak white Quercus alba Willow Salix spp
Oak willow Quercus phellos

OTHER PLANTS

Corn Zea mays Soybean Glycine max
Honeysuckle Lonicerajaponica Wheat Triticum spp
Poison ivy Toxicodendron radicans Whitetop grass Fluminiafestucacea

Sorghum Sorghum vulgare

ANIMALS

INVERTEBRATES

Ark clam Anadara transversa Hard clam Mercenaria mercenaria

Baltic clam Macoma balthica Hermit crab Pagurus spp
Barnacle Balanus spp Hooked mussel Ishadium recurvum

Blackfingered mud crab Panopeus herbstii Horseshoe crab Limulus polyphemus

Blue crab Callinectes sapidus Jingle shell Anomia simplex
Blue mussel Mytilus edulis Marsh periwinkle Littorina irrorata

Brackish water clam Rangier cuneata Moon jellyfish Aurelia aurita

Brine shrimp Artemia spp Moon snail Polinices duplicatus

Burrowing anemone Edwardsia elegans Mud crab Neopanope texana

Burrowing mayfly Hexagenia spp Mud snails Ilyanassa obsoleta

Caddisfly Tricoptera spp Mysid Neomysis americana

Caddisfly Brachycentrus spp Pacific oyster Crassostrea gigas

Calanoid copepod Acartia tonsa Parasitic brachyuran Argulus spp
Calanoid copepod Eurytemora affinis Parasitic copepod Myocheres major

Carnivorous flatworm Stylochus ellipticus Parasitic copepod Myicola metensis

Channeled whelk Busycon canliculatum Parasitic nematode Ascaris spp
Ciliate protozoan Ancistrocoma pelseneeri Pea crab Pinnotheres maculatus

Colonial hydroid Nemopsis bachei Razor clam Ensis directus

Colonial hydroid Obelia spp Ribbed mussel Geukensia demissa

Comb jelly Mnemiopsis leidyi Ribbon worm Cerebratulus lacteus

Commensal nemertean worm Macrobdella grossa Sand shrimp Crangon septemspinosa

Coot clam Mulinia lateralis Sea anemone Diadumene leucolena

Crab nernertean Carcinonemertes carcinophilia Sea grapes Mogula manhattensis

Cyclopoid copepod Acanthocyclops vernalis Sea nettle Chrysaora quinquecirrha

Cyclopoid copepod Cyclops bicuspidatus thomasi Sea star Asteriasforbesi

Cyclopoid copepod Cyclops spp Snapping shrimp Alpheus spp
Cyclopoid copepod Ergasilus clupeidarum Softshell clam Mya arenaria

Eastern oyster Crassostrea virginica Spinyheaded worm Echinorhynchus acus

Ectoparasitic snail Odostomia spp Tapeworm Scolex polymorphus

Equalclawed mud crab Neopanope sayi Thicklipped oyster drill Eupleura caudata

Fairy shrimp Daphnia spp Water flea Bosmina longirostris

Fiddler crab Uca spp Water flea Daphnia magna
Fingernail clam Sphaeriidae spp Water flea Daphnia pulex
Flat mud crab Eurypanopeus depressus Water flea Daphnia spp
Flat oyster Ostrea edulis Water flea Holopedium giggerum
Flatworm Paravortes gemellipara Whip mud worm Polydora spp
Fluke parasitic Ribeiroia ondantrae Whitefingered mud crab Rhithrapanopeus harrissi

Grass shrimp Palaemonetespugio P
vulgaris



VERTEBRATES

Cartilaginous Fish

Bull shark

Cownose ray

Sandbar shark

Ca rc harhinusfalcforn is

Rhinoptera bonasus

Carcharhinus plumbeus

Skate

Smooth dogfish

Raja spp
Mustelus canis

Bony Fish

Alewife Alosa pseudoharengus Oyster toadfish Opsanus tau

American eel Anguilla rostrata Pollock Pollachius virens

American shad Alosa sapidissima Puffer Sphoeroides maculatus

Anchovy Anchoa spp Pumpkinseed Lepomisgibbosus

Atlantic croaker Micropogonias undulatus Red drum Sciaenops ocellatus

Atlantic salmon Salmo salar Salmonids Salmo and Oncorhynchus

Atlantic silverside Menidia menidia spp

Bay anchovy Anchoa mitchilli Satinfin shiner Notropis amoenus
Black crappie Pomoxis nigromaculatus Sculpins Cottidae spp
Black drum Pogonias cromis Sea lamprey Petromyzon marinus

Blueback herring Alosa aestivalis Silver perch Bairdiella chrysoura

Bluefish Pomatomus saltatrix Silverside Menidia spp
Bluegill Lepomis macrochirus Smelt Osmerus mordax

Brown bullhead Ictalurus nebulosus Spanish mackerel Scomberomorus maculatus

Carp Cyprinus carpio Speckled trout Cynoscion nebulosus

Catfish Ictalurus spp Spot Leiostomus xanthurus

Chain pickerel Esox niger Spottail shiner Notropis hudsonius

Channel catfish Ictaluruspunctatus Striped anchovy Anchoa hepsetus

Cobia Rachycentron canadum Striped bass Morone saxatilis

Cutthroat trout Salmo clarki Striped killifish Fundulus majalis

Freshwater lamprey Ichthyomyzon spp Summer flounder Paralichthys dentatus

Gar Lepisosteous spp Sunfish Lepomis spp
Gizzard shad Dorosoma cepedianum Tautog Tautoga onitis

Grass pickerel Esox vermiculatus Tesselated darter Etheostoma olmstedi

Harvestfish Peprilus alepidotus Threadfin shad Dorosoma petenensis

Hickory shad Alosa mediocris Tuna Thunnus spp
Hogchoker Trinectes maculatus Walleye Stizostedion vitreum

Johnny darter Etheostoma nigrum vitreum

Killifish Fundulus spp Weakfish Cynoscion regalis

Lake trout Salvelinus namaycush White catfish Ictalurus catus

Largemouth bass Micropterus salmoides White crappie Pomoxis annularis

Longnose sucker Catostomus catostomus White bass Morone chrysops

Largescale sucker Catostomus macrocheilus White perch Morone americana

Menhaden Brevoortia tyrannus Winter flounder Pleuronectes

Mummichog Fundulus heteroclitus americanus

Northern pike Esox lucius Yellow perch Percaflavescens

Northern redhorse Moxostomaaureolum Mosquitofish Gambusia affinis

Northern squawfish Ptychocheilus oregonensis hollbrooki

Reptiles

Atlantic ridley turtle Lepidochelys kempi Loggerhead turtle Caretta caretta caretta

Black rat snake Elaphe obsoleta obsoleta Snapping turtle Chelydra serpentina

Gray rat snake Elaphe obsoleta spiloides



Birds

American crow Corvus brachyrhynchos Least tern Sterna antillarum

American great egret Casmerodius albus Little blue heron Egretta caerulea

American wigeon Anas americana Loon Gavia immer

Bald eagle Haliaeetus leucocephalus Magpie Pica pica

Barn swallow Hirundo rustica Mallard Anasplatyrhynchos

Black duck Anas rubripes Mandarin duck Aixgalericulata

Blackcrowned night heron Nycticorax nycticorax Northern flicker Colaptes auratus

Bluewinged teal Anas discors Northern pintail Anas acuta

California gull Larus californicus Old squaw Clangula hyemalis

Canada goose Branta canadensis Osprey Pandion haliaetus

Canvasback Aythya valisneria Pileated woodpecker Dryocopuspileatus

Cattle egret Bubulcus ibis Pochard common Aythya ferina

Common barn owl Tyto alba Redtailed hawk Buteojamaicensis

Common grackle Quiscalus quiscula Redwinged blackbird Agelaius phoeniceus

Common tern Sterna hirundo Redhead Aythya americana

Eastern kingbird Tyrannus tyrannus Ringnecked duck Aythya collaris

Egret Casmerodius spp Ruddy duck Oxyurajamaicensis
Fish crow Corvus ossifragus Scaup greater Aythya marila

Golden eagle Aquila chrysaetos Scaup lesser Aythya affinis

Goldeneye common Bucephala clangula Scoter Melanitta spp
Great blackbacked gull Larus marinus Snowy egret Egretta thula

Great blue heron Ardea herodias Starling Sturnus vulgaris

Great homed owl Bubo virginianus Tern Sterna spp
Green heron Butorides striatus Tricolored heron Egretta tricolor

Greenbacked heron Butorides striatus Tundra swan Cygnus columbianus

Herring gull Larus argentatus Turkey vulture Cathartes aura

Horned grebe Podicips auritus Wood duck Aix sponsa

House sparrow Passer domesticus Yellowcrowned night heron Nycticorax violaceus

Mammals

Beaver Castor canadensis Norway rat Rattus norvegicus

Coyote Canis latrans Raccoon Procyon lotor

Grey fox Urocyon cinereoargenteus Red fox Vulpes vulpes

Mink Mustela vison Striped skunk Mephitis mephitis

Muskrat Ondatra zibethicus Whitetailed deer Odocoileus virginianus

OTHER ORGANISMS

Bacterium Actinobacillus spp Crab fungal parasite Lagenidium callinectes

Bacterium Aeromonas liquefaciens Dermo oyster disease Perkinsus marinus

Bacterium Flexibacter columnaris MSX oyster disease Haplosporidium nelsoni

Bacterium Staphylococcus spp SSO oyster disease Haplosporidium costale

Bacterium Streptococcus spp Toxic dinoflagellate Protogonyaulax
Bacterium Vibrio anguiiarum tamarensis



UST OF ABBREVIATIONS

BOD biochemical oxygen demand

BPI breeding population index

C celsius

Chi chlorophyll

cm centimeter

cm s1 centimeters per second

CPO chlorineproduced oxidants

compounds formed by reactions of

chlorine used for water disinfection

with other contaminants in water

CPUE catch per unit effort

dbh diameter at breast height

DDE dichlorodiphenylchloroethane

DDT dichlorodiphenyltrichloroethane

DIN dissolved inorganic nitrogen

DIP dissolved
inorganic phosphorus

DNA deoxyribonucleic acid

DO dissolved oxygen

DVE duck viral enteritis

dynes cm dynes per square centimeter

EC50 concentration effecting specific

response in 50 percent of test

organisms

FL fork length

f
t

feet

g gram

gL1 grams per
liter parts per thousand

ha hectare

h hour

IPNV infectious pancreatic necrosis virus

kcal g kilocalories per gram

kcal kilocalories

Kd light attenuation coefficient

kg kilogram

km kilometer

km2
square kilometers

L liter

L1
per liter

lb pounds

LC50 lethal concentration 50 percent

mortality

LD50 lethal dose for 50 percent of the test

organisms

LDH lactate dehydrogenase a digestive

enzyme

LS50 median lethal shear that would kill

50 of test animals

LT50

lux

m
m 2

m 3

mg 02L1

mgL1

mggl

mg kg

ml1

mm d1

mm Hg
mt DNA

n

NTA
NTU

02

PAH
PCB

pH
PO2

ppt

rm

RSA

SAV

SL

TBT

TBTO
TL

TLm

TSS

µg kg

µgL1

9991

lethal time of exposure resulting in

50 percent mortality

a unit of light intensity

meter

per square meter

per cubic meter

milligrams of oxygen per liter parts

per million

milligrams per liter parts per

million

milligrams per gram parts per

thousand

milligrams per kilogram parts per

million

per milliliter

millimeters per day

millimeters of mercury

mitochondrial deoxyribonucleic acid

number in sample population

nitrilotriacetic acid

nephelometric turbidity units

oxygen

polynuclear aromatic hydrocarbon

polychlorinated biphenyl

log hydrogen ion concentration

partial pressure
of oxygen

parts per thousand

river mile

registered shooting area

submerged aquatic vegetation

standard length

tributyltin

tributyltin oxide

total length

Median tolerance limit to a toxic

substance or other stress factor the

level of the stressor at which half of

the organisms tested show the

measured response

total suspended solids

micrograms per kilogram parts per

billion

micrograms per liter parts per

billion

micrograms per gram parts per

million

micrometer



MAP APPENDIX
Sources of map information

Peter Bergstrom

Computer Sciences Corporation

Chesapeake Bay Program Office

Annapolis Maryland

The authors of each chapter were sent a copy of the

maps for their species at 1250000 scale from the first

edition of this report The maps in the first edition were

based primarily on 1250000 scale maps produced by

Western Ecosystems Technology Inc for the US Army

Corpsof Engineers 1982 Chesapeake Bay Low Freshwater

Inflow Study Low Flow Study The maps used were

unpublished base maps dated 1980 representing known
and potential distribution not the maps published in the

Map Folio as part
of the Low Flow Study report series The

1980 base maps were edited based upon literature reports

of actual habitat and defined potential habitat based on

salinity depth and substrate preferences of the target

species to produce the habitat distribution maps found

in the first edition of this report The edited maps were

digitized by Computer Sciences Corporation CSC staff

contracted to the Environmental Protection Agency EPA
at the Chesapeake Bay Program Office CBPO and

plotted with an ARCINFO Geographic InformationSystemGIS The same system was used by CSCCBPO staff

to produce the revised maps in this volume

In all cases the authors revised the original maps for use

in this volume In many cases entirely new maps were

generated SAV eastern oyster soft shell and hard clams

spot yellow perch white perch adult barriers to fish

passage low DO zones and all the bird maps In other

cases the authors edited the original map using new
information All authors were asked to delineate potential

habitat and to separately map actual current and historical

habitat where possible It was not always possible to

achieve this goal and for many species the distribution

shown is a combination of actual and potential habitat

Because the original scale of most of the maps was

1250000 and the information for the maps came from a

wide variety of sources they should not be used for

regulatory purposes or to delineate species habitat on a

more local scale eg a
t 124000

Maps of bird habitats include data from surveys The

wintering waterfowl maps Maps 3638 includethreeyear
running means of midwinter aerial survey counts

conducted by the US Fish and Wildlife Service The maps
of breeding bird distributions Maps 3435 3946 all

include data from Breeding Bird Atlas data basesmaintained
by the Virginia Department of Game and Inland

Fisheries and Maryland Department of Natural Resources

Wildlife Division These data were collected by volunteers

who identified all the bird species nesting in blocks

defined by onesixth of a USGS quad or 124000
topographic map Only blocks with confirmed orprobable

breeding codes were used for these maps Since no

estimate of population size was made and nest locations

within the block were not recorded the maps show the

outline of each onesixth quad block that had confirmed

or probable breeding for that species during any of the

years of data collection For several target species there

were no probable codes allowed so only confirmed

nesting blocks are shown Maps of species with a high

nesting density sometimes had blocks that appeared to

have nests because all the adjoining blocks had nests

these were marked with an asterisk to show they did not

have nests Concentration areas in Map 46 Bald eagle

were based on surveys
of roosting areas

Maps of colonial wading bird breeding habitats also show

specific colony locations with 1988 population sizes

These data came from surveys conducted by researchers

or state agency staff done independently fromtheBreedingBird Atlas surveys Only 1988 colony sizes are shown
because that

year had the most complete data Each

known colony has a 10 km foraging radius shown which

includes most of the foraging habitat used by nesting

adults in the species that have been studied

In some cases data for the maps came from theChesapeakeBay Program data base Map 7 SAV species and

Maps 2326 Spot were based in part on bathymetry

data In Map 28 white perch adult salinity data was used

A1



to define the down stream limit of distribution Map 33

Dissolved Oxygen is based on monitoring data

The Dissolved Oxygen map Map 33 shows areas from

which several target species are currently excluded due to

their intolerance of low DO or the absence of prey

species Data from fixed stations in the mainstem of the

Bay collected during the summer JulySeptember of

19851989 were spatially interpolated using an inverse

squared distance threedimensional interpolator Means

of the interpolated dissolved oxygen values werecalculatedover all years and all below pycnocline depths and

areas with mean DO below 3 and 2 mgL1 are shown Low

summer DO occurs in some tributaries but was not

mapped

Acknowledgements
Digitizing and map editing and production were done by

Marisa Capriotti and Danny Elliott supervised by Lynda

Liptrap all CSCCBPO staff Lowell Bahner CSCCBPO
calculated the mean dissolved oxygen values for Map 33

Lettering additional shading and final layout were done

by Fishergate Inc Helpful comments on map design and

content came from Kent Mountford EPACBPO Steve

Funderburk and Doug Forsell USFWS and Steve Jordan

Cynthia Stenger and Lamar Platt MDNR All the authors

are acknowledged for their efforts to provide and check

map information Map editing and production was funded

by the US Environmental Protection AgencyChesapeakeBay Program



LIST OF MAPS

1 Locator map
Chesapeake Bay and Tributaries

18 Bay anchovy Anchoa mitchilli

Habitat distribution of adults in the Chesapeake Bay

2 Widgeon grass Ruppia maritima

Recent and potential distribution in the Chesapeake Bay

3 Eelgrass Zostera marina

Recent and potential distribution in the Chesapeake Bay

4 Wild celery Vallisneria americana

Habitat distribution in the Chesapeake Bay

5 Sago pondweed Potamogetonpectinatus

Habitat distribution in the Chesapeake Bay

6 Redhead grass Potamogetonperfoliatus

Habitat distribution in the Chesapeake Bay

7 SAV species

Potential habitat distribution for Submerged Aquatic Vegetation

in the Chesapeake Bay

8 Eastern oyster Crassostrea virginica

Habitat distribution of oyster bars in the Chesapeake Bay

9 Soft shell clam Mya arenaria

Habitat distribution in the Chesapeake Bay

10 Hard clam Mercenaria mercenaria

Habitat distribution in the Chesapeake Bay

11 Blue crab Callinectes sapidus

Winter habitat distribution of males in the Chesapeake Bay

12 Blue crab Callinectes sapidus

Winter habitat distribution of females in the Chesapeake Bay

13 Blue crab Callinectes sapidus

Summer habitat distribution of males in the Chesapeake Bay

14 Blue crab Callinectes sapidus

Summer habitat distribution of females and spawning areas in

the Chesapeake Bay

15 Atlantic menhaden Brevoortia tyrannus
Habitat distribution of juveniles and nursery areas in theChesapeakeBay

16 Atlantic menhaden Brevoortia tyrannus

Habitat distribution of adults in the Chesapeake Bay

17 Bay anchovy Anchoa mitchilli

Habitat distribution of spawning and nursery areas in theChesapeakeBay

19 American shad Alosa sapidissima

Habitat distribution of spawning and nursery areas in theChesapeakeBay

20 Hickory shad Alosa mediocris

Habitat distribution of spawning and nursery areas in theChesapeakeBay

21 Alewife Alosa pseudoharengus

Habitat distribution of spawning and nursery areas in theChesapeake
Bay

22 Blueback herring Alosa aestivalis

Habitat distribution of spawning and nursery areas in theChesapeakeBay

23 Spot Leiostomusxanthurus

Spring habitat distribution of juveniles in the Chesapeake Bay

24 Spot Leiostomusxanthurus

Summer habitat distribution of juveniles in the Chesapeake Bay

25 Spot Leiostomusxanthurus

Fall habitat distribution of juveniles in the Chesapeake Bay

26 Spot Leiostomusxanthurus

Winter habitat distribution of juveniles in the Chesapeake Bay

27 White perch Morone americana

Habitat distribution of spawning and nursery areas in theChesapeakeBay

28 White perch Morone americana

Summer habitat distribution of adults in the Chesapeake Bay

29 Striped bass Morone saxatilis

Chesapeake Bay spawning reaches and spawning rivers

30 Yellow perch Perca f lavescens

Habitat distribution of spawning and nursery areas in theChesapeakeBay

31 Yellow perch Percaflavescens

Habitat distribution of adults in the Chesapeake Bay

32 Barriersto fish passage
Barriers to migratory fish passage Maryland and Virginia priority

sites
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33 Dissolved oxygen
Areas of the Chesapeake Bay with low summer dissolved

oxygen 19851989

34 Wood duck Aix sponsa

Nesting habitats in the Chesapeake Bay region 19821989

35 American black duck Anas rubripes

Nesting habitats in the Chesapeake Bay region 19821989

36 American black duck Anas rubripes

Winter habitat and midwinter counts in the Chesapeake Bay

37 Canvasback Aythya valisneria

Winter population distribution in the Chesapeake Bay

38 Redhead Aythya americana

Winter population distribution in the Chesapeake Bay

39 Great blue heron Ardea herodias

Nesting habitats in the Chesapeake Bay region 19821989

40 Great egret Casmerodius albus

Nesting habitats in the Chesapeake Bay region 19821989

41 Snowy egret Egretta thula

Nesting habitats in the Chesapeake Bay region 19821989

42 Little blue heron Egretta caerulea

Nesting habitats in the Chesapeake Bay region 19821989

43 Greenbacked heron Butorides striatus

Nesting habitats in the Chesapeake Bay region 19821989

44 Blackcrowned night heron Nycticorax nycticorax

Nesting habitats in the Chesapeake Bay region 19821989

45 Osprey Pandion haliaetus

Nesting habitats in the Chesapeake Bay region 19821989

46 Bald eagle Haliaeetus leucocephalus

Nesting habitats in the Chesapeake Bay region 19821990

47 Bald eagle Haliaeetus leucocephalus

Potential habitat and concentration areas in the Chesapeake Bay

region
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